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AW, Inf 
EVIDENCE... 


Clippings from a recent issue of “Water 
Works and Sewerage” tell their own story. 


Years of trouble free service such as that 
recorded by Mr. Strowbridge of Dundee, 
justify this constant selection of W&T Visible 
Vacuum Chlorinators for both Water Works 
and Sewage Disposal plants. Your purchase 
of W&T equipment will prove equally os 
satisfactory. 


Two new Visible Vacuum Chlorinators —designed 
especially for the smaller plants — ore described in 
Technical Publications 157 and 158; the type “O” 
feeders in 1.P.97. You may have ony, or oll, of 
these pamphlets for the asking. 


WALLACE & TIERNAN CO. 


INCORPORATED 
Monvfacturers of Chlorine and Ammonia 
Control Apparatus 


NEWARK, NEW JERSEY 
Branches in Principol Cities Main Foctory: Belleville,N.}. 
8a-t7 “The Only Sofe Woter is @ Sterilized Weter” 
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AMERICAN WATER WORKS ASsoc SOCIATION 


ad The Association is not responsible, as a body, for the facts and opinions an * 
id advanced in any of the papers or discussions published in its proeeedings ' tle hd 


Discussion of all papers is invited aes a3 
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CONSUMERS’ GOOD WILL—ITS VALUE AND METHOD OF 
AP sane! By Frank C. JorpaN 
(Secretary, Indianapolis Water Company, Indianapolis, Ind.) > 
Not less than six papers dealing with some phase of Customer Good ms . 
Will are on the program of this Convention of the American Water = 
Works Association. This is strong evidence that those in authority — 
jn the Association are mindful of the far reaching importance of good _ 
 willin and toward the water works business. a 
Never has customer good will been of more importance than during — 
this period of financial and mental depression when there seems to be a — 
nation-wide feeling of animosity toward big business, especially any aa 
uo business which thus far has escaped the sheriff’s sale. >. 
What is good will?—An industrialist terms it “the greatest thing a 
in business.” An accountant calls it “an intangible asset.” A busi- 
‘ness man describes it as “faith in an institution.” A housewife | 
thinks of it as confidence in her department store, grocery or drug — 
store. Leading business institutions of all kinds express it in latge — 
black figures on their balance sheets, perhaps the only chance for ts, 
many of these firms to use black ink since the economie structure fie 
tumbled. 
ce Good will is founded on integrity of service, and I like to think of a 
all water works people as striving toward that completeness of service m 
which i is synonymous with integrity. 
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Let me cmphesias a fact which all of us know, but which some of 
us occasionally forget, namely, no business maintains a more intj- 
mate contact with the home than does the public water supply, and 
that we have an opportunity of building good will through all hours - 


the day and night by giving a fine service in a courteous and busine 
like manner. 

There are several gradations of Customer Good Will but just for 
the moment we will think of but two, namely, passive good will and 
aggressive good will. Your department store, as a rule, does not 
expect more than passive good will from you and your family. | ° 


you are satisfied with your dealings with the store and make 
peated purchases, the store feels that it has accomplished its purp 
insofar as you are concerned,—it has your confidence or good will, 
Seldom do you go out of your way to say something good of the store 
from which you are making your purchases. By the same token, you 
need hardly expect more than passive good will from the water users 
and should not feel aggrieved if they fail to commend your utility 
service to the degree which you think its excellence merits. In 
other words, only a very few people are engaged in placing halos on 
the heads of their fellow citizens. 

Contrasted with the large number of patrons who apparently havea 
good feeling towards the water organization, there is that small but 
vociferous outer fringe of complainants who make so much disturb- 
ance in their demands for the impossible, as to distort our viewpoint 
and frequently cause us to forget the quiet majority who give the 
organization reasonable credit for furnishing a satisfactory service. 
The late Theodore Roosevelt termed this outer fringe the “lunatic 
fringe,’ and that term seems fitly to describe their activities. One 
of the big tasks confronting us today is that of steering our course 
and conducting our affairs according to the desires and rights of that 
great group of water users who bear a good feeling toward the utility. 

Because a utility cannot select its customers it necessarily must 
deal with any one who makes application for service. Rules must 
therefore be made which will serve as a protection to the utility and 
its patrons, but those rules should not work to the annoyance or dis- 
advantage of that large group of customers who desire to transact 
their utility business in a decent and business-like manner. Forty 
years experience in the utility business leads me to say that reference 
to rules and regulations is distasteful to the average utility patron 
and it is far r better for Customer Good Will if we can deal wi ith a 
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= CONSUMERS’ GOOD WILL 


In striving aa Customer Good Will we can be of 9 service 
too. For water works people have a fine opportunity of building 
good will not only for themselves but also for the city in which they 
live. The new citizen coming to the city probably visits the utility 
office on the day of his arrival and the impressions then made on 
him are of a lasting character. Friendly treatment at the contract 
window or telephone desk leads the new resident to the belief that 
he has found a friendly city. Prompt, pleasant and efficient service 
in turning on the water supply further increases the man’s regard 
for his new place of residence. If in his contact with the office he is 
met with a smile and is confronted with a minimum of detail, he 
gathers a good impression of the organization. Conversely, if he 
is confronted with much detail and is possibly shunted from the office 
boy to the President, he loses patience and carries an impression of 
inefficiency in the utility and organization which is difficult for him 
to forget. 

Long experience has proven to me that Good Will is made in the 
front office rather than in the private offices. In other words, the 
men at the contract, telephone and cashier’s windows, and our field 
representatives in the persons of our meter readers, are the ones who 
largely make or break good will. 

The present mental and financial depression has occasioned many 
peculiar quirks in business, not the least of which is the very large 
increase in the number of our customer contacts. The increase in 
the price of postage stamps, together with the tax on bank checks, 
has caused a large number of our customers to come in person to the 
office to pay their bills. Requests for credit extensions and inquiries 
in reference to higher consumption also occasion many added calls. 
A recent survey in our office indicated that 66 percent of the unusually 
large amount of office business which -we are now handling is occa- 
sioned by some angle of the interesting times through which we are 
passing. Our customer contact people are now handling more per- 
sonal customer contacts than they have probably ever handled before 
and much of this added work is of that trying nature which leads to 
exasperation if we are not careful. We have already increased the 
number of customer contact employes and are now preparing to 
operate a fifth contract window with a private desk to which will be 
sent those customers desiring and needing unusual help either from 
the Water Company or from the City’s benevolent organizations. 

There now exists an unusually satisfactory agreement between our 
Company, the Township Trustee and the Community Fund, under 
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is being furnished to a large number of people 
who otherwise would be unable to have the service. I do not know 
of any single item which has done more to build good will than this 
active coéperation. 
fs In this campaign to build good will I would place the cashiers, 
contract window, and telephone desk employes in the front line 
- trenches, and along side of them I would place our field representa- 
tives in the persons of the meter readers. These men are on the 
firing line, and to a large extent they do more towards making or 
breaking good will than can be done by those who are in authority, 
All of these employes should have at least a high school education, 
should be courteous, neat and painstaking, and sufficiently well 
versed in water supply business to answer any reasonable inquiry. 

In our office meetings, attended by 100 of our employes whom we 
look upon as our customer contact employes, it has been brought — 
that we should at all times look to the interest of our patrons, but 
that we should also be mindful of the Company which gives us a | 
living. A leak in the service line or water fixture beyond the meter is. | 
of interest to the user, and the detecting of that leak by our field 
representative—the meter reader—and reporting it to the consumer 
builds for good will on the part of the water user. The detecting of a 
leak on the street side of the meter likewise builds for good will on 
the part of the consumer as well as the water department because it 
gives evidence of efficiency in the water department organization. 
In one of our recent meetings one of the meter readers said in a 
paper: “Boys, the public gives you no credit for allowing a slow 
meter to remain in service. The customer expects you to collect the 
money to which the Company is entitled and if you do not do it he 
thinks there is something wrong.” 

Three of our field representatives—meter readers—coéperated in 
the preparation of a paper on “‘Service Leaks’’ and outlined a plan 
under which the meter readers have located more than 500 under- 
ground service leaks, the reporting of which not only built for good 
will, but at the same time saved us 1,500,000 gallons per day in 
pumpage. 

Right here I want to say that the various meetings which we have 
| held have not only caused better feeling on the part of our customers, 
—_- but have brought to us that peace of mind occasioned by a more 

efficient operation. 
In all probability the quality of the water supply is of first impor- 
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tance in building Siesniedees Good Will, but close behind that comes 
continuity of service. Almost all of the water plants are now fur- 
nishing a water of high quality, but it is an unfortunate fact that the 
importance of continuity of service is frequently overlooked. I do 
not know of any more successful builder of ill will than unnecessary 
and frequent interruptions of water service. 

In one city not far from Chicago the widening of a street necessi- 
tated some water main changes and a half day’s interruption of the 
water supply. One of the big customers in the proposed shut out 
district called the office and said ‘‘Please don’t do that today. It will 
cost us $27,000.”" Needless to say the changing of the water main 
was deferred until an agreed time when the interruption would be of 
no serious consequence. 

The repairing of valves and hydrants is of importance, but the 
shutting off of water on Monday—wash day—for the sole purpose 
of repairing a valve is a fine way not only to lose good will but to 
build ill will. 

Many of our patrons are now finding it necessary to ask for credit 
extension, and we are finding it difficult to distinguish between the 
man of honest intentions and the one who seemingly desires to beat 
the Company. We have pursued, however, a very lenient policy 
and I firmly believe that the good will inherent in this policy offsets 
the loss of revenue caused by those who apparently take advantage 
of this liberality. 

Like most water companies, we operate our service department on 
the 24-hour basis and we find that our customers deeply appreciate 
their ability to get special service at any hour of the day or night, and 
when the night man renders this service as if he were glad to do it, 
good will is furthered and we frequently hear from it. Here is a fine 
example of good will building. Late at night something went wrong 
with the water supply in a large apartment building and the bewil- 
dered owner poured out his troubles to the night service man and was 
met with the cheery words “I’ll be right up.’”’ After a careful in- 
spection the service man found a valve which had been closed by 
some inquisitive person, and all was well after the valve was opened. 
The owner expressed his thanks and then said ‘(How much will this 
trip cost me?’”’ The service man answered ‘There will be no charge. 
Our Company is mighty glad to render this service.’ The next day 
the apartment house owner called to say that he appreciated the 
service but that re = which ae him: most was the fine way 
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I believe that all water works organizations desire to furnish g 
thoroughly satisfactory service, but I sometimes find myself wonder. 
ing whether we have availed ourselves of every avenue leading to- 
wards the creation of good will. One thing of which I am certain 
is that we have failed to tell our story to the public. If the water de. 
partment has a serious breakdown; a shortage of water at time of 
fire; a bad taste and odor in the water; a contaminated public water 
supply caused by cross-connection with some private supply, or 
unsatisfactory service during a heavy sprinkling load, these facets 
are duly spread in the public press—frequently on the front page — 
and the water works organization comes in for its full share of critj- 
cism. If, on the other hand, through excellent construction, efficient 
operation and painstaking effort none of these things occur and the 
water users receive a thoroughly satisfactory supply of good potable 
water, no mention of such fact is made in the press and the public 
expects such service as a matter of course. 

For years the Indianapolis Water Company has engaged in a 
publicity program sometimes very extensive in nature and it has 
certainly been of benefit as a builder of good will. From time to 
time however, it has been brought home to us that we have not done 
enough along this line and our public relations have suffered thereby. 
We have issued all sorts of pamphlets, blotters, etc., and just re- 
cently we issued a very interesting booklet entitled Water Service, 
and the hundreds of letters which we have received indicate that the 
good will occasioned by that publication far outweighs its cost. 

A motion picture machine in our office lobby attracts much at- 
tention and in the four reels we show in a very attractive manner 
practically all phases of our construction and operation. Step into 
the office at almost any time and you will see boys and girls giving 
rapt attention to this advertising medium. 

We utilize our office lobby for all sorts of exhibits from the most 
elaborate plumbing fixtures and 16-cylinder automobile engines to 
pies, beans and meats such as Mother used to make. Some of our 
most interesting exhibits were those of moderately priced bath room 
fixtures sold on the partial payment plan. 

Trips of inspection to our various plants are good will builders, 
but we have realized that only a small percentage of our citizens can 
be counted on to visit the filter plants and pumping stations. We 
are, therefore, preparing a rather elaborate motion picture which will 
show water works construction and operation, uses of water. etc., 
he oft 
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and we believe that this when shown before Luncheon Clubs, Civic 
Organizations, Schools, Churches, ete. will do much towards building 
better feeling and will give the public some idea of what is behind 
the water that flows so freely from the kitchen sink or bath room 
faucet. 

As time goes on I believe that our budget for advertising and pub- 
licity expenses will be larger and larger as we realize to a fuller extent 


the far reaching importance of telling our story tothe public. 
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CONSUMERS’ COMPLAINTS AND HOW TO MEET THEM 


By E. F. DuGGer 


(General Manager, Waterworks Commission, Newport News, Va.) 


In 1926 the City of Newport News purchased from private owners 
the entire waterworks plants and system which supply the entire 
lower end of what is locally known as the Virginia Peninsula. The 
territory contains a population of approximately 100,000 people, 
three separate municipalities and a large portion of two counties, 
The main supply, located about sixteen miles north of the City of 
Newport News, is from one watershed having an impounded reservoir, 
with a reserve supply available from two other watersheds and im- 
pounded reservoirs, with pumping equipment to lift the water over 
the respective divides into the main reservoir. All these reservoirs 
are of necessity of a shallow nature for two reasons; first, the general 
low elevation of the land preventing storage beyond a certain limit, 
and second, prohibited deeper excavation due to salt water entirely 
surrounding the Peninsula. The average depth of the main reservoir 
is approximately 83 feet, over a total flooded area of about 500 acres. 
With our warm climate these conditions are ideal for algae growth. 

Prior to, and including 1930, we were periodically receiving com- 
plaints of the tastes and odors in the water over our very extended 
and scattered system. Treatment of the water with copper sulphate 
and by prechlorination had been used and had given some relief, but 
only of a temporary nature. During the unprecedented drought of 
1930, which continued until April 1931, a large portion of the nor- 
mally flooded area of our reservoir became dry and grew up into a 
veritable field of weeds and grass. During the latter part of April, 
and the early part of May, the precipitation was very much above 
the average, and as a result a good portion of this area of heavy 
vegetation was rapidly flooded, and in a short time we began to re- 
ceive complaints of a pronounced taste and odor in the water. Pre- 
vious methods of treatment, again adopted, proved unsuccessful in 
allaying complaints. The spring turn over in the reservoir occurring 
at this time added to our troubles. Those of you who are in charge 
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of the management of an impounded supply can readily appreciate 
the numerous and frequent complaints that poured in from some 
12,000 consumers. We were fortunate in being able to secure im- 
mediately a quantity of activated carbon, an improvised feeder was 
set up and, with this equipment, the carbon solution was fed into the 
filter influent about 25 feet from the first filter. The treatment was 
begun by feeding at the rate of 0.1 grain of carbon per gallon. The 
results obtained were very satisfactory indeed, and within a period 
of eight hours from the time the treatment was started the filter 
effluent was free of all tastes and odors, and all complaints from this 
source stopped. A continued use of carbon during the algae season 
has prevented any further complaints from this source. 

The Water Department of the City of Newport News is in a rather 
unique position, due to the fact that it supplies not only its own citi- 
zens, but as stated, serves two other separate municipalities, and 
two other counties. The complaints arising from this situation are 
comparable to those received by the municipally owned and con- 
trolled system, and also to those of the privately owned. However, 
since the acquisition of the plants and system by the City it has been 
the earnest endeavor of the Department to maintain the same regu- 
lations, rates and service to all consumers both in and outside of the 
corporate limits of the municipality. We have earnestly tried to 
keep all of our patrons informed and interested in their water supply 
through close personal contact with the various municipal authorities, 
and through the various civic organizations. This close personal 
contact has resulted in a better understanding of the problems of the 
Department, and has tended to allay practically all complaints aris- 
ing from supposed preferential treatment by either inside or outside 
consumers. An additional fact, which I believe tends to minimize 
these complaints has been our endeavor immediately and promptly to 
give consideration to all complaints no matter how trivial or unim- 
portant they may have appeared. Try tisarrtaqeb 
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The past three years have presented problems that have been un- 
precedented as far as past experience of the average water department 
is concerned, in that such a great number of the accounts, which were 
previously so promptly paid, have been delinquent for the first time. 
This situation, due entirely to conditions beyond the control of the 
customer, has made it necessary that the management spend a large 
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part of its time hearing requests for extension of time for payment of 
these accounts. These extensions, which had to be granted in go 


‘many cases, brought numerous complaints from other consumers 


living in the same neighborhood when their service due to non- 
payment had been discontinued. They felt that preferential treat. 
ment had been shown the other consumers to allow continued service, 
despite default in payment, due to economic conditions, when they 


were forced to pay, although their salary or wage has also been 


greatly reduced. This, I say, has been one of the greatest problems 
that has faced the utility business in a number of years. I am won- 
dering if the precedent which we have established in extending to 
so many people the privilege of continued service without payment 
will not arise like Banquo’s ghost in the years to come, and cause 
considerable trouble and embarrassment. 

For a period of thirty years there has been used on all services in 
the system straight reading dials on all meters. We have endeavored 


_ by persuasion and advertising to secure the codperation of our pa- 


trons in reading their own meters, and with the use of the straight 
reading dial this program of coéperation has resulted in reducing to a 
great extent the number of complaints from excess bills. The re- 
ceipt of an unusually large bill for his water consumption naturally 
results in the customer checking the meter to ascertain if the reading 
recorded on the bill is correct. With a straight reading dial this is 


__ very easily and readily accomplished. If the patron finds that the 
meter reading conforms to the reading on the bill, an examination of 
his plumbing naturally follows, and in a vast majority of cases this 
examination ends the trouble. As previously stated, the straight 
reading dial will eliminate to a great extent, in my opinion, the vast 
number of the worrisome complaints that are received by the average 
4 department. 
_ _ [do not mean to say that we have as yet received the full codpera- 
tion of all our patrons in this connection, since during each quarter a 
_ few complaints are received from various customers who have re- 
ceived an excess bill, with the usual statement that ‘The meter is 
| bound to be wrong, it would be impossible to have used the quantity 
Sais of water charged.’’ Complaints of this nature are most difficult to 
handle. The customer is always in a combative or argumentative 
. * mood when he enters the office, and unless a very experienced and 
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diplomatic employee handles the case, a very men and continued = 
argument usually follows, which invariably results in an offended 
customer. When a complaint of this sort is received, we endeavor no 
immediately to have a complete examination made of all plumbing, Etter | 
and a recheck made of the meter reading. When this is done a report 
is made by the inspector to the customer, and a complete notation = 
of the result of the examination is filed on the individual card forthis = =—_— 
account. In the event that the report of the examination of the _ 
inspector is unsatisfactory to the customer, and further complaint — 
is made by him a definite engagement is made for the customer to © 
meet one of the meter mechanics on his premises, there see the re- 
moval of the meter, and accompany it to the meter shop where the 
meter is tested, in full view of the customer. This detail, which 
inconveniences the customer and the meter mechanic for just about 
one hour, has eliminated the necessity for a second test in practically 
all cases. Then, too, the consumer gets some primary knowledge 
of the mechanism of a meter, and the witnessing of an accurate test 
is usually most convincing to the patron that the water bill was 
correct, and the trouble lies not in the meter, but either in unusual 
consumption or wastage. 

We have in our system approximately 12,000 active services. 
In 1926 the above method for testing meters was adopted, and during 
that year an average of 62 meters were tested each quarter. During 
the past year the average has dropped to below 15 meters per quar- 
ter. Iam firmly convinced that this method has proven very effec- 
tive and satisfactory in meeting this particular complaint. 

INSUFFICIENT PRESSURE 

Perhaps the next most frequent complaint comes as a result of 
insufficient pressure and volume of water from scattered services. 
These complaints are invariably from the customers whose service 
lines and fixtures have been in use for a period from thirty to «ond 
years. The patrons, in the vast majority of such cases, make the 
first complaint to the Water Department rather than to his plumber. 
Upon the receipt of the complaint, we immediately send a member 
of the Service Department to the premises in question, and in the 
presence of the complaining party install a stand pipe on the outlet 
side of the meter, and then open the spigot on this outlet pipe where 
he can see for himself that the volume and quantity of water is 
adequate. He is then informed that if he will have a section of the 
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service pipe running from the meter to the building removed he jj] 
find that his trouble is the result of a too small or inadequate supply 
line usually resulting from corrosion and/or other causes that has 
reduced the diameter of the service pipe to such an extent that the 
necessary quantity of water cannot pass through it. This procedure 
has been most effective since its adoption, and is another instance 
of meeting the customer’s complaint by taking enough time to dem. 
onstrate to him that the fault does not lie with the Water Depart. 
ment, but is due to causes beyond its control. It is simply addi. 
tional proof of the old adage “‘Seeing is believing.”’ sid ved 

lo ome tg 

WATER BILLS FOR VACATION PERIODS ~~ 

Perhaps the most persistent complaint comes from the customer 
who has been away from his home for all, or part of the time, covered 
by the water bill. This complaint of ‘‘Why should I pay for some. 
thing I did not get?’’ is familiar to all of us and perhaps we do not 
spend sufficient time to explain it fully to customers. Let’s discuss 
it for a few moments, and see if we cannot get an intelligent and 
satisfying answer to give to our patrons. 

The idea that patrons must pay for something they do not use has 
resulted in a general opposition to the minimum or standby charge 
since its inception and causes much discussion even today. 

This charge is not made to force customers to pay for service they 
do not receive, but for service actually rendered. We should en- 
deavor to explain carefully that the purpose of the minimum charge 
is to make all customers pay for the service actually rendered to 
them. Upon the installation of a water service in any premises that 
business or residence has made the Water Department assume a 
responsibility for furnishing water to any or all fixtures at all times 
of day and night when the customer may desire it. This cannot be 
done without expense. Each customer receives service to the extent 
of the opportunity to have water delivered in his house when and 
where he desires it. So when a water consumer pays for the cost of 
having water furnished whenever he wants it he is paying for a real 
service. Whatever service is rendered to the customer free or at 
less than cost, this loss must be equalized by over charging some 
other consumer. The minimum charge is therefore a charge for the 
protection of consumers. It prevents one class of consumers from 
getting a real service at the cost of others. This cost continues, 
even though the service be temporarily discontinued. It is not 
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among patrons spreads like a forest fire and unless studied efforts 
are made to keep it down, the ensuing conflagration will in time con- © 
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and real service. Such a definite and careful explanation helps much 
to solve this problem. 
In conclusion, I want to emphasize my firm opinion that, after all, 
the worth of a public utility depends in a large measure upon what. ae. 
its patrons really think it is. It takes years of careful and adequate 
service and attention to minutest details to build up a reputation _ 
in a community for fairness, adequacy of service and a ‘etcendaatisa cee 
to render the most to the patrons that it is possible to give for the | “sytd “a 
money available for such purpose. While it takes yearsto buildup = 
this reputation, we all know that in a comparatively short time such __ : 
reputation can be dashed to the earth. It seems to me that the 
department that studies its patrons’ complaints, that individualizes pie 
in every instance, whose officers and employees go out of their way __ 
and take the time to satisfy, explain and demonstrate to the com- — 
plaining customer, is the department whose reputation for fair 
dealing and honest service is built up and maintained. Discontent 
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sha DELINQUENT WATER BILLS IN THE DEPRESSION | 


By M. F. HorrmMan 
(A ssistant Superintendent, Department of Water W orks, Cincinnati, 0.) 


The major factors to be considered in deciding upon a policy as to 
delinquent bills under depressing conditions might be briefly env. 
merated as follows: (1) responsibility for payment of bill; (2) period 
of water consumption covered by bill; (8) flexibility of procedure to 
permit codperation with the consumer. These three points are 
treated in this paper to illustrate their absolute dependence upon 
each other and to demonstrate the success achieved at Cincinnati, 
Ohio, where delinquent accounts average less than one-half of one 


percent. 


In most states water charges are a lien against the soumnet y. The 
owner is responsible for payment of the bill, which he might elect to 
have sent to the tenant as a matter of convenience. In premises 
occupied by more than one family the bills should always be sent 
to the owner. 

Failure on the part of the tenant to pay his bill automatically 
places the charge against the owner. For this reason, it is desirable 
that arrangements be made with owners of small homes which have a 
constantly changing occupancy so that he may be advised of non- 
payment of the bill by the tenant. 

The object of stressing this point here is to indicate that while it is 
possible to grant a short extension of time beyond the regular date of 
payment to a tenant who is unable to pay the bill, discretion must 
be exercised so that the owner will not be burdened with an unusual 
water bill should the tenant move out without paying. This is one 
of the vital problems of the collection division at all times. 


RESPONSIBILITY FOR PAYMENT OF BILL 


con 


PERIOD OF WATER CONSUMPTION COVERED BY BILL 


It is but natural that more stringent efforts must be exerted where 


bills are rendered quarterly, or semi-annually, than when rendered 
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monthly. Where monthly billing is in order, a more lenient policy 
may be followed, as an unpaid bill may be carried forward to an tyes 
ensuing month’s bill. In quarterly or semi-annual billing, however, mk 
it is essential that the bill be paid as close to the due date as possible, ee 
owing to the fact that three to six months service has been covered is 
and too large a bill accruing against the account should be prevented. e 
It will later be shown how billing may be staggered to provide 
recurring billing periods, with the result that accounts may be kept pe 
up to date and at the same time permit collection within a prescribed fe: owe 
period of time. ; 
Providing the accounting scheme is flexible, the billing arrange-_ ; 
ment of the accounts must permit every consideration being given 
so far as treating with the consumer for payment of the account is _ i 
concerned. 


FLEXIBILITY OF PROCEDURE TO PERMIT COOPERATION WITH THE 
CONSUMER 

It is in this section that I propose to illustrate what can be done a — 
with a modern billing system to permit the most liberal policy pos- 
sible This can best be done by a comparison of the old and new © 
systems in the Water Works of Cincinnati. 

Monthly bills were rendered under the register ledger plan, and | 
due to the inability to extract unpaid balances from a ledger before 
the ensuing month’s bills were rendered, there was always consid- 
erable confusion in determining the status of unpaid accounts. b i, 
Furthermore, the cost of collection was so great and the monthly = oe 
accounting plan so cumbersome that it was not possible to deviate 
from any fixed collection procedure, with the result that strict enforce- x | 
ment of collections had to prevail at all times. . 

Posting payments to the ledger did not bring out forcibly all 
remaining unpaid accounts, with the result that there was no en- 
couragement to looking after unpaid accounts in an enlightening i, 7 
manner. 

The original scheme was changed with the installation of modern 
mechanical equipment at the time billing was changed to quarterly. 
The billing was staggered so that 90,000 accounts are distributed in 
nine billing zones of 10,000 each, rendered ten days apart. This | 
effects a uniform flow of work with a minimum personnel, and at the f- 
end of a ten day period of payment, a delinquent notice is mailed, 
giving a second ten days for payment; at the end of twenty days the oa 
account is then placed in the hands of turnkeys for collection. 
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Our experience shows that in a district of 10,000 accounts, approx. 


imately 1,500 delinquent notices are mailed, of which number ap- - 
proximately 250 finally require turnkey collection service. These wd 
are all paid, aided by the granting of extensions of time in a few th 
instances, and the shutting off of approximately six services. th 
Incidentally, there is no penalty between the due date and the w 
second or final date of payment, but if the account is not paid at the bi 
second date, a collection charge of $1.00 is made for turnkey service. al 
This service is rendered on all accounts, excepting those on which ex. 
tensions of time have been granted and is revocable only at the dis. is 
cretion of the Commercial Superintendent. . 
The present plan also provides for the loose leaf or accounting a 
stub method of billing and accounting. As payments are received, y 


the corresponding ledger account is removed from the files and bal- 
anced with the cashier’s total. This means that the accounting \ 
clerk is engaged with unpaid accounts only. When we consider t 
that 10,000 accounts have been billed, that 8,500 have been auto- t 
matically balanced with the cashier by the 10th day, and that the P 
remaining 1,500 have been reduced to approximately 250 at the end ( 
of the 20th day, it is obvious that instead of having peak loads, we 1 
have accomplished an even flow of work throughout each billing | 
period. I 

This procedure permits us to coéperate with the consumer at all 
times, with the result that few bills are unpaid and much good will 
created. Itisa very simple matter to extend leniency in meritorious 
cases and to follow up these extensions so that the bills have all been 
paid before the ensuing bills are due. 

A notable example of this codperation with consumers occurred 
during the bank holiday. Immediately upon the President’s an- 
nouncement that all banks would be closed, the Water Works issued a 
front page newspaper statement to the effect that if consumers could 
not pay current water bills in cash, the checks on impounded or 
restricted accounts, together with those on closed banks, would be 
accepted, credited to the consumers’ accounts and deposited if, as, 
and when the banks opened. The procedure was taken care of by 
opening a general ledger account known as ‘‘Suspense Checks” and 
the consumers’ accounts paid by check were charged to this ledger 
account and credited for the amount of accounts receivable. At the 
opening of the banks, the checks are deposited and the ledger ac- 
counts pbredited: This procedure won many friends for the Water 
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Works. It was necessary to grant a large number of extensions in 
those instances where consumers were affected through delayed pay- | 
rolls. However, these were taken up in due time, with the result © 
that while the department had a larger number of delinquent bills — 
than usual in the month of March, 1933, these were all taken care of — 
with but a limited deferring of the due date. At that time delinquent | 
bills were exempted from the collection charges, which were immedi- — 
ately restored upon the reopening of the banks. n 
The stub plan of accounting also permits partial payments. It — 
is to this flexibility that we attribute much of the success of the 
method in use in Cincinnati. Occasionally an unusually large bill 
arises, due to leaks or excessive usage, and under the ledger plan, — 
with no provision for partial payment, it would be necessary that 
the entire amount be paid at one time. Under our plan, however, — 
we can make arrangements to meet the consumer’s financial situa- 
tion. This has done more to build up good will for the department — 
then any other action taken. It does not entail any additional cost, 
and inasmuch as these arrangements can be made only with the — 
Commercial Superintendent’s approval, it brings him into contact — 
with those cases with which he should deal personally and which, if — 
handled in the ordinary routine of a Commercial Division, would | 
not be handled with the tact necessary to promote favvrable public — 
relations. 
In determining the policy to be followed as to delinquent bills in 
imes of depression, certain limitations must be considered. The 
emoval of these limitations through the installation of modern busi- _ 
ness practice and procedure permits the greatest flexibility in handling 
local problems. Cincinnati has solved these problems to its satis- 
faction by the installation of a flexible accounting procedure which = 
enables us to meet all reasonable demands made by the consumers. 
It also protects the property owner against undue large delinquent —_ 
bills through reasonable enforcement of collections from tenants on 
the premises. It is to the credit of the Commercial Division of a | 
water works not only to show a very small percentage of delinquen- _ 
cies, but, above all, to maintain amicable relations between the water a 
works and its consumers. i 
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SEVERAL SMALL METERS VERSUS ONE LARGE METER 
FOR LARGE SERVICES 
second cde Haag» 
Water Works, Pontiac, Mich.) 


Since being asked to discuss this subject the writer has found con- 
siderable divergence of opinion among water works officials as to the 
advantages to be gained by the use of several small meters in place 
of one large meter. There are advantages to be gained in the battery 
settings of small meters on large services. Smaller meters are more 
dependable in the production of revenue as they should give greater 
accuracy at all flows. In some types of large meters we know that 
there is considerable loss in the “change over” point. With the 
battery installation there would be no loss as one or more of the 
smaller meters would be measuring all flows without placing the 
entire load on one meter. When a consumer applies for a water 
service he expects to have continuous service, but if one large meter 
is installed and has to be replaced or repaired, or if the meter becomes 
clogged or stuck, it necessitates the turning off of service, thereby 
depriving the consumer of the use of water during the repair period. 
In case of industrial plants this works a great hardship. 

The City of Pontiac allows no by-pass around any size meter. 
If battery installations are used, meters can be replaced or repaired 
without serious interruption of service. During the past six months 
this department has discontinued eight 4-inch meters due to the 
closing and wrecking of manufacturing plants. All meters set in 
this city are the property of the Water Department. If battery 
installations had been used in this case we would have had a quantity 
of small meters in our stock room. I think any water works official 
would rather see a quantity of small meters in stock than several 
large meters as the demand for small services far exceeds those of 
4-inch or larger. 

Pontiac has a service charge ranging from $2.80 to $90.78 per 
quarter on meters }- to 10-inch. The industrial and apartment house 
consumption dropped 40 percent in 1932 under 1931. Practically 


all consumers with meters 3-inch and over have made requests to 
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change their meters to smaller size so as to reduce their standby 
charge. To have complied with these requests it w ould have re- 
quired a big outlay in small meters and also a high labor charge. 
If we had battery settings all that would have been necessary to do 
would have been to remove one or more of the smaller meters. 

If battery meter settings are used it is obvious the question of 
piping and distribution of friction loss through fittings should be 
correctly figured. The cost of battery settings is a little more than 
unit installations. As all material and labor cost of service are 
paid for by the consumer there is no added cost to the water depart- 
ment. 

» Summed up, there are four principal advantages in the use of 
smaller meters: 

1. The expense of handling and repair is less per unit. veal 

2. Smaller meters are less difficult to repair and maintain. 

3. You can supply water temporarily through the remaining meters 

when one is being overhauled. 

4. If, in the case of unit installation, the meter becomes stopped it 
BY. ad necessitates the estimating of total consumption. By using 
battery settings there is less likelihood of all meters becoming 
te stopped at once, but if one or more should become stopped 
the consumption for billing purposes can be figured much 
more closely on one meter of a battery than if the total con- 


tol sumption was to be estimated. 
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to rotted 
By Dae L. Marrirt bas 


(Manager, Water Works, Des Moines, Ia.) 


In the operation of the modern water plant, where meters are being 
used to measure water sold to consumers, it is important that these 
meters register small flows of water. 

There are communities where revenues have fallen off in the last 
_ few years on account of the decreased use of water by industries, 
In these same localities, however, the drop in revenues has been 
somewhat checked by accounting for small flows of water through 
small meters. Certain types of water cooled mechanical refrigera- 
_ tors probably have increased the use of water at slow rates. Ab- 
~ normal circumstances with which consumers are faced today have 
resulted in the deferring of the expense of repairing leaks in plumbing. 
These leaks in many cases can only be registered when meters will 
pick up very small rates of flow. 

We are of the opinion that meters should meet the requirements of 
Water Works Association standards, and we are exerting every effort 
to measure accurately water at all rates of flow. 

In an effort to determine what would be the loss due to the failure 
of water meters to pick up small rates of flow, we selected 25 used 
meters of various makes that did not register at a rate of 1 g.p.m. 
_ All these meters by test were found to be within 5 percent correct 
at a rate of 3 g.p.m., and they averaged 0.4 percent fast at the full 
_ stream. Each of these meters was connected in tandem with a new 
meter of the same size which had been tested and found to be within 
the standards of the American Water Works Association. The 
average actual test of the new meters was 0.29 percent fast at 10 
g.p.m., 0.94 percent slow at 1.0 g.p.m., and 5.75 percent slow at 0.25 
g.p.m. These pairs of meters were installed in different residences 
in various parts of the city. 

The following are some of the results obtained: 

At the end of 30 days the average amount of water registered by 
the old meters was 8.8 percent lower than the amount shown by the 
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in dises to fit the disc chambers. Abrasives suitable for use with 


_ abrasive material may be more easily removed after the disc has 


new ones; at the end of 60 days the difference was 8.6 percent; at the 
end of one year the percentage had increased to 12.5 percent; and at 
the end of 22 months the old meters had registered a total of 11.4 
percent less than the new ones, 

At this point all the meters were removed and tested with the 
following average results: 

The new meters were 2.18 percent fast at 10 g.p.m., 0.56 percent 
fast at 1.0 g.p.m., and 12.11 percent slow at 0.25 g.p.m., while the 
old meters were now 0.67 percent fast at 10 g.p.m., and although 
many of them still did not register at 1.0 g.p.m. or less there was some 
improvement at these low flow rates. 

The fact that the difference in the amount of registration of the 
group of new meters as compared with the group of old ones, which 
was 8.6 percent at the end of 60 days, increased to a difference of 
12.5 percent at the end of a year was no doubt due principally to 
the over-registration on the new meters at the higher rates of flow. 
Therefore, the actual amount of the increased registration to be ex- 
pected by repairing these old meters in such a manner as to have 
them meet the American Water Works Association standards, would 
be in the neighborhood of 8.5 percent. 

The most economical way to repair small water meters in order to 
have them fairly accurate at low rates of flow is a matter worthy of 
considerable discussion. ‘The expense involved is quite considerable, 
especially when first attempting to raise the standard of meter effi- 
ciency. In an excellent paper published in the September, 1932, 
Journal of the New England Water Works Association by Griswold 
and Gentner of the Hartford, Connecticut, Water Bureau, the prac- 
tice of having discs and disc chambers factory-fitted is recommended. 

In recent literature we also find more or less information about 
cleaning solutions designed to remove scale from dise chambers, with 
the idea in mind of restoring used meters to their original accuracy. 

There is at least one attachment on the market, known as the 
“gulper,’’ which is reputed to collect water at small flows after which 
this accumulated water may be passed through the meter at rates 
which will be registered accurately. 

At Des Moines we are experimenting with the practice of grinding 


water rather than oil have been recommended in order that the 


been properly fitted. 
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The scale that is formed in the disc chambers of our meters seems 

to be the result of a growth of iron bacteria. This scale is rather J 
hard and forms a protective coating which is in some ways beneficial . 
in that it tends to bring about a closer fitting of the dise and, there. 4 
fore, more efficient registration at small flow rates. By grinding in 
the dises advantage is taken of this feature, while if a cleaning solu. ! 
tion be used to remove the scale from the dise chamber, it then be- | is 
comes difficult to refit the disc. There are however, several effects : 
of this scale formation that are not so agreeable. It does, of course, ; 


occupy an appreciable amount of space, thus reducing the size of 
the measuring chamber and therefore causing over-registration,— 
if the meters were geared to read correctly when installed. In parts 
of the distribution system where circulation is not good, such as in 
_ dead end mains, the scale deposits more rapidly than in other parts 
of the city so that a uniform allowance for its effect cannot be 
anticipated. 

While of course the proper fitting of the dise is the important 
thing, binding in the gears or in the packing box may also contribute 
_ to under-registration on small streams. The use of rawhide gaskets 
is sometimes found to decrease friction in the stuffing box. 

Comparatively rapid progress has been made along the line of 
water measurement since the days when most consumers paid on a flat 
rate basis, until now about the only thing that stands in the way ofa 
completely equitable charge to all consumers is the measurement of 
the water used at very smallratesof flow. | 
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~ VALUE OF CONTINUOUS PRESSURE RECORDERS id 
IN CHICAGO 


to 


(Engineer of Water Pipe Extension) AP 


(Assistant Engineer, Water Pipe Extension Division, Chicago, Til. ia 


Chicago has a population of 3,520,000 people, an area of approxi-— 
mately 211 square miles, and is in general of rectangular subdivision. | 
It varies in elevation from plus 7 feet above the Lake to plus 90 feet. — 
About ten square miles in area are above plus 60 feet, and these are ~ 
in the extreme northwest and southwest corners of the city area. 
The elevation varies from plus 7 to plus 20 feet from the Lake to 
about 6 miles west, and this area is about 80 percent of the total. 
From this it is seen that with regard to elevation the pressure prob-— 
Jem in water supply is quite simple. f 

The water supply system of 3700 miles of mains is of the gridiron 
type, with 8-inch supply mains and additional 12-inch or 16-inch 4 
mains each half mile, and feeder mains approximately one mile in Fes 
each direction. The discharge feeders from each pumping station 
are inter-connected. The feeder mains range from 54 to 24 inches 
This city has endeavored to maintain a minimum of 25 pounds | 
pressure in all parts of the city, and throughout most of the year 
has been able to do so, but in the summer at times of maximum de- 
~ mand we have always had low pressure conditions in some parts of the — 
ity, due to lack of sufficient pumpage. Thousands of complaints — 

have been received in one day. F 
In order to determine the cause of low pressure at any particular 
location, and to answer intelligently the citizens complaints, it is 
necessary to have a knowledge of the actual pressures in the mains - 
in the vicinity. This undoubtedly was the reason for the adoption 

_ of the idea of permanent pressure recorders in about 1904. In 1905 
there were 10, in 1906, 15 recorders were operating, and these have > 
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ee been increased until today we have 65 recorders in operation. At 
first they were installed in areas where complaints of low pressure 
originated, but in 1913 a report was made recommending additional] 
installations to provide for recorders to be uniformly distributed 
over the entire city area. 

The recorders are generally set in fire engine houses or other public 
buildings, so that no expense is incurred to operate them, and there 
is also one in each of the twelve pumping stations. The general 
practice is to install a separate service pipe from the main, to be used 
for the recorder only, so that no variations or fluctuations due to 
drawing water, leaky fixtures, etc. may affect the accuracy of the 
record. The mechanical operating condition of the instrument is 
checked by examination by a plumbing inspector. There are 
several kinds of recorders in operation, all of which give uniformly 
reliable service. 

The method of analyzing the records is as follows: The Water 
Pipe Extension Division of the Bureau of Engineering has three 
engineering districts, and the District Engineer has charge of the 
records obtained from all the recorders in his district. He delivers 
the blank charts in addressed, stamped envelopes once a month to 

each location, and the operators are instructed to remove a chart 
each day at noon and mail it at once, which brings all the charts 


Ate into the engineer’s office before work the following day. 

7 : In studying the records it was found necessary to make an easy 
Comparison between the pressures at the pumping station and at 
the several depending locations. Therefore, a diagram, 11 by 26 
pe 


for each location in each district could be indicated thereon in the 
form of a curve for each day in the week. That is, a weekly pres- 
. sure curve is made for each location on a black line print of the blank 


___ inehes, was arranged, so that the hourly pressures from each chart 


form, and blue prints are made from this. A quick comparison 

between all locations in the district can be made for any hour of any 

day in the particular week covered by the diagram. An assistant 

transcribes the pressures from the original chart to the diagram, and 

as he does so studies the results by comparison with other locations 

; for the same time, and with the previous pressures at the same loca- 
' tion, and notes any extraordinary condition. 

The diagram is then submitted to the District Engineer, who is 
responsible for pressure conditions in his district, and he studies the 
pressures shown. Any abnormal condition is investigated. If, for 
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example, he notes that the pressure at a location dropped 5 or 10 
pounds, he compares the other locations for the same time, and if they 
also show a drop he traces it back to the pumping station supplying 
the locations, and if that station also shows a drop he may find by 
telephone that a pump is down and obtain all the details, If the 
condition is vital he reports to his superior with any recommendations 
advisable. Conditions such as mains cut off, feeder valves closed, 
other stations lowering pumpage, large breaks in mains, water ham- 
mer conditions and pressures during fires are indicated on the various 
gauges. ‘These records are very essential in the case of a break in a 
feeder main, as they furnish probably the only information as to the 
time of the break and the pressure conditions before and after the 
break. 

These weekly diagrams furnish a ready reference file which is 
referred to frequently. The pressure records are also used to fur- 
nish pressure information at the beginning of business each day to 
the City Engineer and other officials at the City Hall. The com- 
plaint clerk at the City Hall is furnished a printed form showing the 
pressure recorder locations in pumping station area groups, together 
with the telephone number, elevation of gauge and number of miles 
from the station of each recorder, with a blank space for the time 
and pressure. At 9:00 A.M. each day he calls each of the locations 
and obtains the pressure at each. This form is delivered to the City 
Engineer’s office, and colored pins indicating the pressures are set 
in a map hung in his office. 

Another idea of value which resulted from the pressure recorder 
installation may be mentioned. In 1913 the responsibility for the 
study of pressures was assigned to the District Engineer. As a 
result of his studies, one of the engineers observed that the water 
system maintained the highest pressures at night when the actual 
consumption was lowest. He made a study and report in 1914, in 
which was submitted a recommendation for a ‘System of Pressure 
Regulation,” the basis of which was the submission of a diagram to 
indicate the pressures necessary to be maintained at each of the 
stations at all hours to provide a uniform pressure of 25 pounds at 
distant locations. It was necessary to issue these curves for the 
different seasons to care for the fluctuations in demands. ‘The sys- 
tem was adopted by the City Engineer and resulted in a drop in 
pressure at the pumping stations at night of from 11 to 16 pounds, 
and this, in turn, resulted in a large reduction in pumpage and a 
considerable saving in pumping costs. 
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The recorders also fit into the system of pressure regulation main- 
tained. In order to distribute the pumpage equitably, it is necessary 
to reduce the service pressure nearest the stations by closed or 
throttled valves, and the recorders give a continuous record of the 
maintenance of pressures as fixed. 

The experience of the engineers of the City of Chicago has con- 
firmed the belief that a system of permanent pressure recorders js 
indispensable to the operation of an extensive distribution system. 
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INSPECTION AND CONTROL OF SPRINKI KLER SYSTEM AND 


OTHER SPECIAL CONNECTIONS 


out sa — By J. ArTHUR JENSEN 


(Engineer, W Works Department, M Minn.) 


Water works systems are designed and constructed for the dual 
purpose of supplying water for general service and for fire protection. 
The fire demand is always imminent and must be met at all hours. 
The capacity of plant to meet this demand is therefore superimposed 
upon that needed for general use, requiring more pumps, larger 
mains and additional hydrants, valves and other appurtenances. 
It requires, therefore, a greater investment in plant and distribution a 
system. Operating and maintenance costs are larger than if general ry, 
service alone were to be met. ‘ 

Municipal plants are usually financed by various methods which 
may have been somewhat amended since the origin of such plants, 
but to a greater or less degree they are expected to provide service be. | 
at cost to the users of water. In many instances no provision is a 
made to reimburse a water department fully or at all for their in- a 
vestments in capacity for fire protection. Such costs instead of 
a being paid for by the beneficiaries of fire protection are borne by the 


water rate payer. 


SPRINKLER SYSTEM A PRIVATE SERVICE © 


Water for fire use is supplied through the public hydrants and 
through such connections as may be made leading into private prop- 
erty by way of sprinkler systems and standpipes or private hydrants. 
There can be no doubt that all properties which have contributed in 
the prevailing manner to the capital investment in water plant are 
entitled to have such connected service. Public fire hydrants are 
distributed so as to provide equal protection to all. But connection 
to a sprinkler system or to standpipes and hydrants on private 
property is a privilege afforded in addition to the general appurte- 
nances, available to the public. Such connections ramify through 
private grounds and buildings in such a way as to be outside the 
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nance of the water plant. These private systems must, therefore, 
be subject to special control and the benefits provided must in some 
way compensate in return for the outlay from public funds which 
has made available these facilities for private use. 

Having made such connections for private use, water departments 
have been ruled within their rights to make charges for the service 
and readiness to serve. In opposition to this policy the owners fre- 
quently contend that no charge should be made because such con- 
nections use less water in case of fire than if the public hydrants are 
used, and that the owner is, in some measure, a public benefactor 
in that he has reduced the general fire hazard and that as such he 
should be rewarded or subsidized rather than penalized by a service 
charge. 

In opposition to this attitude it seems reasonable that the public 
utility is entitled to remuneration for the constant readiness to serve 
which public fire hydrants are incapable of supplying, that the su- 
periority of sprinkler systems and standpipes is not without its re- 
ward, but comes in the form of reduced insurance premiums and other 
benefits. Such service is also subject to lower losses and less dam- 
age both from amounts of water needed and extent of fires. This is 
due to the rapidity of application of the water and confinement of 
fires to local portions of the property. 

The fact that sprinkler systems or fire lines are on private property 
and therefore beyond proprietary control as to dissipation of water 
either by faulty condition of the system or unauthorized use of water 
for other purposes than fire prevention makes it imperative for the 
water department to exercise special supervisory control of this class 
of service. 

Certain policies are established to govern these matters so as to 
safeguard the interests of both the department and the user. It is 
desirable that the regular service connection and the fire supply con- 
nection be separate. In this manner only will it be possible to main- 
tain proper control of both classes of service and give the most efficient 
fire flow. It is necessary to establish the size of each connection so 
that a sufficient supply is assured for the property served under all 
conditions but not in excess of the needs, a condition that might in 
some manner jeopardize the water supply in an emergency. A valve 
is set on the line where the main is tapped and this is enclosed in a 


gate chamber and an extension stem run up close to the man-hole 
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INSPECTION OF SPRINKLER SYSTEM 


-extensiveness of the private fire system would determine whethes or = 
not an indicator post and valve should be installed at the curb or 
entrance to yard property. Such a device is desirable and in large : 
installations necessary, but on small systems the cost of the layout _ 
must not be prohibitive and thereby discourage the installation. ee 
These devices make it possible to separate the private system from 
the public mains should occasion require it to be done. of ad'T 5 
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CONTROL OF WATER ON SPRINKLER SYSTEMS = > 


The important feature of supervision is the control of the water 
entering private systems and the knowledge that water is, or is not, __ 
being used by way of the fire pipes. This may be done by metering | 
or by a check system with detector meter. The user generally feels Ki 
that he is entitled to water for fire fighting through a sprinkler sys- 
tem without charge for the water itself, on the same basis asa build- 
ing across the street which may not be equipped with a sprinkler 
system but depending upon the public hydrants. This appears to | 
be a reasonable assumption especially since the quantity needed 
is likely to be less under equal hazards. It may not be necessary, 
therefore, actually to measure the water used. The ordinary meter 
is not always desirable on a fire line, but a special meter can be used | 
where the cost will permit. 

If a flat charge is made for readiness to serve, it should be satis- — 
factory to control the situation and check the use of water to guard 
against loss. This may be accomplished by the use of an approved 
check valve with a detector meter on a by-pass. The detector meter 
would show use of water either around or through the main check 
valve. This indication would lead to an investigation and a charge 

for water used for other purposes than that intended. 

The check, if of proper design, would open to provide.unobstructed 
flow in case of a full draught for fire. An internal type check valve, 
bronze mounted, and having a movable fulerum and a housing 
fully protected against corrosion should be used. Outside weighted 
checks are liable to set or bind in the packing gland when old and 
the packing dries and thereby remain partially or fully open, or they 
may be tampered with and be left in a similar position without proof 
of malicious intent. The detector or by-pass meter, which is of 
ordinary type, should have stopeocks on both sides or have a com- 
bined stop and check on the inside and be provided with a hose bibb 
for testing the meter and setting. 
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This is usually the extent of the department’s supervisory require. 
ments. The detector meter is read at the same intervals as regular 
service meters, and any registration noted thereon calls for a special] 
inspection to determine the cause of use of water. This may shoy 
fire use or unauthorized withdrawal of water from the system. Such 
a check-up will correct any unlawful conditions and usually prevents 
any further recurrence of similar trouble. 

The detector check installation should have periodic inspection 
to see that it functions properly, such service to be included in the 
regular charge made for fire service. 

Where a type of meter is used that will give a full flow and registe 
all the water used the same supervision should be had. The principk 
is similar, but in the latter case all of the water is measured and this 
may have a bearing upon the rate applied. 

Sprinkler systems and standpipes are subject to the underwriters 
supervision and inspection. The rates, fire hazards and care accord- 
ing to their requirements will govern the efficiency of the apparatus, 
which is not a function of the water department. 

fires portions of the property, Ubw teoo ad) 
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SELECT ION OF SERVICE PIPE MATERIAL UN IDE tad 


Manager, Water Department, Racine, Wis. 2 


As the best available means of making a study of this problem a 
questionnaire was sent to two or more cities in each state and four 
in Canada having population over 12,000. In order to obtain a 
better perspective some questions were included which would show 


. 


the type of service requirements and standards in a typical plant. a nas 
Replies from 75 percent of the cities were received very promptly, _ _ 
which shows the interest of the members in this subject. These _ 


were from 65 municipal and 14 privately owned plants serving twenty 
million people and should give a representative picture of present 
day practice. 

The hearty coéperation of those who returned replies is gratefully 
acknowledged. Much supplemental information was supplied which 
will later be followed up for the benefit of the Association. 


TYPICAL UTILITY 


Average practice in a typical plant taken from the tabulation of 
returns from municipally owned plants showed that in 23 percent 
the tap only is made by the utility, in 37 percent the service is run 
to the curb and in 34 percent to the property line or to the meter. 
Fifty-six percent of these plants own the service and 67 percent 
maintain part or all of it. In the case of privately owned plants 
the figures differ slightly, 21 percent making *’:e tap only, 14 percent 
running services to the curb and 65 perceut to the property line or 
meter. Of these utilities 72 percent own the services and 86 per- 
cent maintain part or all of the service. The latter high figure 
indicates the value which is placed on maintenance to conserve water 
and income. Where services are installed by the utility this is in- 
variably done by department forces, except in the case of ‘‘improve- 
ment stubs”’ which are sometimes let by contract. 
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SERVICE PIPE MATERIALS 


Sub-Committee 7-F, under the able chairmanship of Past Preg. 
dent James E. Gibson, made a comprehensive report on service pipe 
materials in use in 1930. For the purpose of the present discussion 
the only portion of service materials investigated was the tubing 
because the fittings are usually not changed. The materials wep 
tabulated in the same order in which they appear in the Committe 
report. A summary of the information is given in table 1. 


VARIATION IN PRICE 


_ As the majority of plants use copper tubing a summary of the 
price changes in that material will be of interest. They are given 
in table 2. 

The last line in table 2 gives the percentage of the 1929 price for 
which material was purchased each year. As in 1933 six of the 
plants purchased no material, the average for that year is based on 
the 1929 prices for the other nine plants. 

X 

To the question ‘Has the change in price of certain materials led 
you to use a material of better quality than you had previously done?” 
62 replied “‘no,” 7 “‘yes’’ and 4 stated that they had made a change, 
but that price was only one of the considerations. The fact that 
most of these changes antedated 1931 shows that price was nota 
large factor. 

Replying to a companion question “Due to economic conditions 
have you considered the use of cheaper materials than your stand- 
ard?” 71 said ‘‘no,’’ many of them vehemently declaring that “the 
best is none too good.” Following are typical comments: 


GENERAL PRACTICE 


af “Cheap materials result in much greater maintenance costs later.’ 
_ ‘We consider cheap materials as false economy.”’ 
“Cost of maintenance and renewals should be first consideration.”’ 
‘‘Believe it would be short sighted to use cheaper material for what is con- 
sidered permanent installations.”’ 


It appears, therefore, that the policy of departments generally is 
to use the best material obtainable giving consideration to the life 
of the pipe rather than to its cost. When one considers the small 
percentage (not over 4 or 5 percent) of the total cost of the service 
represented by the difference between the cost of the best material 
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and a cheaper one, there should be no question at any time as to 
The replies received which show this general 


which one to use. 


SERVICE PIPE MATERIAL 


TABLE 1 
Service pipe materials 


is 
life 
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PLANTS USING 
MATERIAL 
Municipal Private 
Galvanised or Troi... 2 2 
Steel or Iron and Copper.......................... 10 2 
y 
of copper tubing (cents per foot of %-inch tubing) S 
1929 1930 1931 1932 1933 
19 19 11.75 | 11.75 
aig. 16 14 14 12 8 
24.50 | 21.50 | 21.50 | 21.50 | 21.50 
require 16.79 | 16.25 | 15 13 12 
wate: 20.88 | 22.10 | 18.54 | 11.58 
he of the 20 20 12.50 
9g | 39:78 | 13.84 | 10.30 
aod the is 9 10 
i 19.20 | 13.20 | 11 9.50 
21.68 22.37 16.59 16.60 
. 15 14.20 | 12.10 8.90 
17.94 | 15.59 | 12.47 12.03 
Relative scale, percent of 1929.. 100 95 82.50 | 66.25 | 60.25 


be highly commended. 
“8 this whole matter. 


policy indicate an attitude on the part of our profession which is to 
I feel that this is the important point of 
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a W. A. 
ERGENCY REPAIRS BY UTILITIES & 


7 Under present conditions, especially in industrial centers, many 
owners are unable to meet the expense of repairs to defective services 
: = a question was asked as to procedure in such instances. Nine 
out of 65 municipal plants reported that under some conditions they 

_ made repairs and carried the charge for a few months, but no longer 
a than the date of the succeeding tax roll. No privately owned plants 

_ reported having followed any such practice, undoubtedly due to the 
facet that most of them maintain the service anyway. 


From this study the following may be deduced: 

1. Water departments are using the best obtainable materials for 
service pipe, because the cost of this part of the service is so small 
comparatively that increased maintenance does not warrant giving 
undue weight to material prices. 

2. Although prices in tubing have dropped 40 percent since 1929 
few plants have changed materials due to this fact alone. 

3. Cheaper materials than standard are not being used because 
a of economic conditions. 

4, A few utilities which do not regularly install or maintain services 
are giving temporary help to indigent owners in case of repairs. 
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CONTROL OF SIZES OF CUSTOMER’S SERVICES _ ae 
te tisud By W. W. MoreHovseE 
= (Director, Department of Water, Dayton,O.) 
of Another problem of the waterworks official is the control of proper | a ; 
.| sizes of services to meet the requirements of the customer. a 
a Too often the architect or plumber will specify too generously the _ 


sizes of services for a building and sometimes on the other hand not _ 
rl generous enough for future requirements. Sizes larger than neces- _ 
sary should be avoided as they may increase the water waste, they 
certainly raise the demand on the system and may possibly, in case _ 
9 of a large fire, prove an actual menace. mi 

The smaller services do not present so large a problem as most wa- 
ter utilities have schedules of sizes which are carefully worked out _ 
for the ordinary house service. Many utilities install minimum _ 
service, generally 23-inch, which eliminates any controversy on the | 
larger percent of services. But even in the smaller sizes it is some- _ 
times difficult to make hard and fast rules to fit all occasions. Flush- _ 
ometer closets require larger services than the ordinary variety, _ 
water softeners also, and main pressures are a governing factor in 
the various levels of the system. 

As to the large services, most water utilities have regulations re- _ 
quiring all services above a certain minimum size to be approved by _ 
the superintendent or manager. This calls for an investigation by _ 
the utility and the furnishing of all essential information by the © 
customer before a logical decision can be arrived at, which should be 
final. af 

Private fire protection services are probably the greatest bugbear _ 
to the waterworks superintendent. They are ordinarily specified _ 
by the local inspection bureau and always generously sized. The 
customer generally feels that the stand-by charges on a service which _ 
he may never use in exorbitant, but he loses sight of the fact that the 
water utility’s investment and operating expense for fire protection _ 
service is a large portion of the total investment and operation ex- _ 
pense and that he is receiving a very real service for which he should _ 
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pay a fair portion of the cost and not expect it to be paid for him by 
the water users. Sig 
Private fire protection services should be controlled in the same | 
manner as any large service. 
The final opportunity to control the service requirements of the 
customer is by the setting of the proper sized meter on the service. | 


This may not eliminate all the ills of the too large service, but it has 
beneficial effect on the maximum demand. 

Properly graduated installation and readiness to serve charges for 
various sized connections or meters will help materially to curb the 
incentive for oversized services and meters and will repay the utility 
for the facilities furnished. 

In conclusion, service requirements may be controlled by regula. 
tions requiring the head of the utility to approve the sizes of large 
services, by setting proper sized meters on the service and by prop- 
erly graduated service charges. | a 
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CENTRALIZATION OR DECENTRALIZATION IN COM- © 


dap (Commercial Director, Department of W 
adi Los Angeles, Calif.) 


If we may rely upon outward appearances, the past two years have 
shown in striking manner, the value and necessity of quick thinking 
and prompt action on the part of commercial concerns in the United 
States, with particular reference to their business credit attitudes 
toward their customers. 

Public utilities, with special reference to water supply agencies, 
have always conducted their business along credit lines, extended 
more or less as to time and amount. General commercial concerns 
within a decade transformed their business from principally cash 
with limited credit, to what amounts to boundless credit. Utilities 
that once thought themselves deserving of special consideration in 
the minds of their consumers, because of apparent extension of credit 
on monthly charges for service, have within the last few years, dis- 
covered that laxity in the credit structure of general business has 
brought to the utility a new problem at once deserving and difficult 
of solution. 

It has taken the emergency of the past two years to forcibly present 
this problem (shall we name it payment resistance) to the utilities, 
as it has of course presented itself to all branches of commercial 
business. 

Public utilities which furnish water service to “legally described 
pieces of property’? may have taken little interest in the credit of 
individuals in business or private life. They have been relying 
principally upon statute to hoid lien against property benefited to 
insure subsequent payment. 

However, we hear of such substantial increases in delinquent tax 
balances, with indefinite delay in actual availability of cash, that we 
are not surprised to hear where sanguine indifference to collection 
problems has been superseded by the same kind of intense interest 


that we expect to find nome the utilities which must and have been 
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7 facing this credit and collection problem through the liquidation years 

we have been enjoying. 

‘The utility has been forced to provide ready means to carry on 
- its changing status with its consumers, with increased control and 
efficiency. 

Business magazines and self-styled experts, for years fed us on 
platitudes and sales arguments regarding super-methods and equip- 
ment. The promotion of these bright ideas, surcharged with selfish 
reasons, frequently cloaked only a scant bit of good advice. Frank 
realization of the problems of the time has served to carry on the 
country’s business enterprises, including our water utilities, in a, | 
_ of much unwarranted fear and exaggeration. The reassuring view- — 

-- point of our business activities has lacked the news value of the 

tragic or failure side. Public attention turned from the ninety-eight 
percent of sound commercial enterprises to the scant two percent 
_ that failed to meet the emergency. 
as It has seemed necessary to anticipate the problems of the weak 
creditors and limit the inevitable losers; at the same time to liberalize 
credit policies toward the ninety-eight percent of the country’s 
sound business. That is our problem. Which business units are 
weak and which remain sound? 

This problem of divination is made possible if and when quick 
thinking and prompt action are founded on the ready references we 
may keep at our disposal, as long as we rationally and impartially 
apply them. 

If this has been truly accomplished, it is here assumed to have 
E proved that fundamental changes have been found to be necessary 
in the conduct of regular business. Further, that adjustments in the 
long standing warfare between the favorites of centralized versus 
decentralized management have taken place. Most of these ad- 
justments are semi-permanent and for that reason may have recon- 
ciled for all times what has heretofore seemed extreme differences. 

Remembering that we are here discussing utility matters witb 
respect to commercial and accounting practice, and that we are not 
attempting to invade the sphere of operation of others, we may 
presume to outline the phases of the problem which are of particular 
interest. at dtiw ssoneled: 


PROBLEM OF ACCOUNTS 


| 


Many consumers promptly pay all bills rendered. These con- 
sumers with perfect payment records are subject to some annoying 


complications, occasionally caused by failure in utility appurtenances, 

or mistakes on the part of employees. Confusion may occur in names 
and addresses sometimes caused by postal employees, neighbors or 
members of the consumers’ own families. 

Consumers’ accounts become of great interest to us, however, the 
instant any so called resistance to payment enters into our business 
relationship. If the cause of this delayed or refused payment is the 
fault of the consumer, our problems are of one order; if the utility 
imposes conditions which are difficult for the consumer to meet, they 
take on a different character; when they are best accounted for by a 
general excuse of Bank Holiday or the recent increase in postal rates, 
the problem may be temporary or semi-permanent, but it is real in 
any event. 

We must collect for the services rendered; we should do it promptly 
with minimum cost of operation; and to the credit of the industry, 
may it always be said we try to do it pleasantly and painlessly for our 
consumers. 

It is axiomatic that the injection of much red tape defeats our 
efforts to move promptly; procrastination, in our opinion, is a bigger 
thief of public goodwill than it is of time. Our problems resolve 
themselves into two questions only. Do we perform our work in 
the most direct and logical manner for our own convenience and the 
promotion of efficiency; and is the same facility afforded the public 
in all our dealings with them? 

To answer these questions, we proposed to submit a typical case 
with more or less completeness; to permit here and there sufficient 
digression to indicate the objective, not yet attained, which is present 
in all such problems. 

Commercially speaking, the utility provides suitable places for the 
consumer to pay bills, request services and obtain information. 
Technically speaking, we provide means to carry on our business and 
keep the records of that business. 

Briefly stated the permanent records which are in most active 
demand and therefore all-important are as follows: 

1. Service installation history 

2. Meter reading books (active and antedated) 

3. Contracts or applications for service 

4. Credit records for present and past service 

5. Consumers’ accounts ledgers (deposits, special, etc.) 
6. Complaint, investigation and order files 
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These records have a maximum of usefulness by the utility and a 
minimum of interest for the consumer. They can be centralized 
with the idea of greatest availability to expedite normal progress of 
business. Means of communication ordinarily used within a building 
or group of buildings is well adapted to convey information to distant 
parts of a city or county. In any case, sufficient local decentraliza- 
tion of consumers’ records should be considered in order to minimize 
the effects of a loss from fire, or damage to records by waiter, in the 
event of fire. 

Before treating somewhat in detail the six major group records, 
may we consider the acknowledged trend of decentralization of collec- 
tion methods, since this is close to the consumer’s convenience and his 
goodwill. 

It has become general practice during the last two or three years 
for banks to make a service charge on medium or small checking 
accounts. Continued unemployment has caused bank deposits of 
individuals to approach the vanishing point. The Federal Govern- 
ment in 1932, imposed a fifty percent increase in ordinary letter 
postage and a tax charge on checks. All of these changes have 
imposed conditions upon utility consumers which are classed as 
resistance building in their effect upon payment for services rendered. 

Formerly the great majority of utility bills might have been paid 
by mail, whereas there now is a condition which serves to excuse the 
delay in payment, until it is convenient to call in person at a utility 
_ Office or have someone else do so. This brings us to the point of 
_ making it more convenient by decentralizing collection offices for the 

_ sake of better meeting the consumers’ needs. 

This inevitably leads to an attempt to decentralize some of the 
activities; perhaps part of the important records of the business. 
Meeting this problem in these years that the “locusts have eaten” 
has been an interesting experiment; we hope a successful one. 

At least four pertinent questions advance themselves as requiring 
careful determination. 

In zoning a city into collection districts, we must determine: = 

1. Central locations in zones, ‘ hay 

2. Size of a community zone, _ 

3. Methods of communication, 

4. Community office equipment. 

We may avoid much unnecessary detail if city planning data are 
considered. Independent of physical or geographical barriers there 
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may also be certain artificial barriers which tend to limit the location 
and character of zones to be supplied with service from such com- 
munity branch office. 

City planning studies should include traffic problems and major 
thoroughfare studies which are indicative of the accessibility of any 
proposed location. 

Existing branch store or other mercantile business units may lead 
to certain conclusions paralleling the study of utility needs. In any 
event we seek to cover sufficient territory to bring into a new branch _ 
office a consistently flowing volume of business, which will keep a _ 
minimum office force occupied with reasonable efficiency. 

The office crew may start with two or three clerks, but economic © 
conditions will point to a minimum normal crew of four or five, 
before good results may be assured. It appears that approximately 
one-half of the consumers in a well-chosen zone may be expected to 
pay their bills and transact all of their order business in a branch 
office. This places an office with a minimum crew of two clerks in a 
territory having from fifteen to eighteen thousand consumers; if the 
meters are read and billed serially throughout the territory in twenty 
or more days per month, we may expect to have a uniform flow of all — 
commercial activity. 

Probably seventy-five percent of consumers’ transactions will be | 
the payment of bills. Orders and miscellaneous business will vary 
considerably with the time of the year. Office routine should be so 
adapted that due advantage may be taken of the great hour to hour 
variation in flow of business throughout the day. This also applies 
with equal point to inter-office communications and transactions of 
business. During rush hours it should be possible for the wants of 
the average consumer to be properly cared for without resorting to 
records kept in another office. It is not intended to imply that such 
simple arrangements would be expected in the case of new services, 
but rather for all existing services. 

Reasonable study will develop certain essential means of com- 
munication, and it follows that community offices must have some 
office equipment and records of their own. It will be our purpose to : 
describe a general system of procedure believed to be adequate, and Cae 
above all, one that will measure up to the economic necessity of the __ _ 
present time. 

The basic principle, of which this system is descriptive, is one 
having centralized records with mechanism for conduct of regular — 
business, and centralized management responsibility. Along with A 
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this effort at centralization goes decentralization of public contgg 
for pay offices and customers’ order transactions. 
Central office activities are conducted on a twenty-four hour basis 
Branch community offices are open the customary office e hours, 8:00 
y 


a.m. to 5:00 p.m. 9%) ti 


CENTRALIZED RECORDS WITH DECENTRALIZED CONSUMERS’ SERVICE 


GUE Messenger service, between branches and central office after busi. 


ness hours, collects and redistributes the necessary records to maip. 
tain the same status of record evidence of business that would ly 
possible under a completely centralized system. 

No money is carried in the messenger service. All branch offica 
make daily deposits to conveniently located banks where Cashier’ 
checks are secured, which are picked up during office hours together 
with daily cash reports, and brought to the central Cashier. 

All application-contracts for new consumers (approximating 
200,000 per year) after being progressed to addressograph section, 
pass through a central collection and credit section, where any of the 
five to ten thousand regular closing bills and a selected list of fifty 
thousand long past due items, which have not become outlawed by 
statute, are matched up with new consumers to enforce payment or 
appropriate credit arrangement. The application-contract is carried 
in an alphabetical file in this section, as long as it is active. By way 
of explanation of the expression just used, “‘selected long past due” 
items, it is supposed that in each system or utility, a proper study of 
uncollected bills will show the accumulative value by size, which may 
be used to determine a radix, above which all bills should be held for 
further attempts at collection. 

This would eliminate all smaller items as not having sufficient 
cumulative worth to justify the additional expense of further collec- 
tion effort. 

While the radix may vary with the amount of the bill and the 
predominating class of consumers, it is probable that one-third of the 
uncollected items will hold two-thirds of the cumulative value of 
all items. 

Centralized credit responsibility supported by adequate records 
makes possible prompt attention upon call from any branch office. 
The records in this credit section should mainly be in an alphabetical 
file. 

The total changes in such a file may reach fifty percent annual 
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All extensions of time, records of partial payment, defaulting in 
credit matters, etc., can be noted on the files in this section, at the 
time of handling with consumer, and thus become a simple direct 
service of information in all subsequent matters of a similar nature. — 
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service” are in one section of a central control or main office, and 


; bu function for the system from that point through ready means of i 

communication. 

id by The history of services as to kind, size, location and chronological 
record of consumers supplied, is maintained in a street address order 

fice file in the main office. Application-contracts, whether signed in > 

a main office or branches, cause field orders to be made by order clerks | 

ether 


and progressed to a central control of field units that execute on, — 
off and special read work. Orders signed in branch community - 
offices are communicated by phone to order clerks in central office. 
Consumers’ applications are forwarded by messenger the same night, 
to be used for checking purposes the following day, and to see that | 
proper orders have already been progressed. These applications are 


preparation of subsequent regular bills and billing records for the — 
bookkeeping section. It is at this point, after having set in motion — 


section as outlined previously. 

It therefore follows that the permanent service card records, of all 
services, are kept in a consumers’ service or order section, and the 
orders from all sources are routed through this centralized section. 
Here we have a ready reference file of more than one-half million — 
water and electric services. 


appears on service record, addressograph record and consumers’ 
accounts ledger record, but does not appear in meter read books. : 
This meter reading record is the story of the service consumption and 
the orders written against the service—regular reads, meter changes, 
special reads, ete. 

The meter reading books are centralized in main office section, 
which also handles all addressograph work, unless concentrated out- 


of operation. 
once a month for regular billing only. 


It will be evident from the foregoing outline that ‘contracts or | 
applications for service” and “credit records for present and past — 


then sent to a centralized addressograph and billing section for the | 


lying districts have sufficient volume of activity to justify a sub-center _ rn 
In this case, the books are forwarded by messenger _ 


the new account, that the application-contract goes to the credit — 


May we mention that change of name | 
or consumer, effects a change of responsibility for payment, which | e 


All orders for field work, turn on, turn off, special read, investi- 
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gation, etc., are sent from, and return for filing to, a centralized 
order file. Like the read book and service installation records, these 
order files are the history of individual services, and not consumers, 
and therefore, are kept in street address and house number order. 
The greater portion of these orders never leave the central dispatch. 
ing office. They are communicated by phone to zone or district 
men for completion; each order is subjected to a check the following 
day from a daily report of each man or crew, covering the orders 
they handled, as given to them by the dispatchers. 

By way of introducing the consumers’ accounts ledger kept mainly 
in a centralized office section, let it be stated that the bookkeeping 
system employed is popularly known as tabulating method. Briefly 
stated, the meter readings are transcribed to tabulating cards by 
key punch operators. These cards serve four purposes: used in 
accumulating earnings statement and report by classes of service: 
used in printing machines to make a complete consumer’s bill and 
stub; serve individually as consumers’ accounts record for subsequent 
cash posting and reporting of collections; and when called upon, 
cards may be run in special tabulations to serve statistical purpose 
for rate studies or other unusual requirements. 

As a centralized system, any billing and bookkeeping method can 
give excellent results if the volume is large, providing we solve the 
delivery problems coincident with the receipt of billing data, and 
the dispatch of finished bills. 

Normally, it is possible to produce consumers’ bills by noon of the 
third day after meter readings are taken in the field. Closing bills 
usually can be ready within one day after closing service orders are 
requested. 

Centralization of consumers’ accounts ledgers and the daily 
progress of cash stubs to this section, permits complete daily posting 
and balancing of all accounts which have been affected up to close of 
office hours. To do this of course, implies a twenty-four hour shift 
in the bookkeeping centralized section, and the transmittal by 
messenger of the evidence of daily transactions in branch community 
offices as referred to earlier in our discussion. 

Incidentally, the slow payment condition of consumers’ affairs, 
has placed a greatly increased burden upon the bookkeeping records, 
first, because of the work necessitated in carrying balances, and also 
for the reason that before steps can be taken to enforce penalties for 
non-payment, it is necessary, at the very last minute, to know 
whether or not credits have been applied which would change the 
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status of the account. Centralized records of accounts are invaluable 
in credit and collection problems, and the time may never come 
again, when these factors will be so completely eclipsed by other 
considerations as formerly seemed apparent. 

The physical problem of handling upward of one-half million 
active consumers’ accounts in a centralized office is easily solved. 
Modern communication equipment fully meets the demands made 
upon it to bridge the gap between sources of inquiry and base of 
information. 

In addition to the general advantages which have been briefly 
enumrated, we can expect to have more efficient operating condi- 
tions with respect to both labor and equipment, by developing 
specialized groups in central office where volume production is a 
beneficial factor. 

As a final unit in this semi-centralized plan, we use a mailing 
system which performs the first letter sort, usually handled by postal 
service. All bills are sorted to bundles in which the selection con- 
forms to sub-postoffices, and this permits earlier delivery of mail to 
carriers, therefore, to our consumers, with the natural result that 
payments are received approximately one-half day earlier than if all 
the burden were imposed upon the postal service. 

This sorting to sub-postoffice does not slow up the mailing proce- 
dure and adds nothing to the cost of handling outgoing mail by the 
utility. 

It is admitted here that the experiences of the Department of 
Water and Power of the City of Los Angeles are predicated upon the 
same social and economic conditions that exist in all metropolitan 
cities. ‘The Department’s staff is motivated by the same desires to 
render admittedly good service to its consumers. Caught between 
the necessity of stringent economy with decreased revenues, and the 
urge to be fully considerate of consumers unable to maintain their 
 eredit as previously, all utilities are valiantly seeking to adequately 
meet their problems. Goodwill must be won and preserved; reve- 
nues must be safeguarded and desperate means employed to keep 
—uncollectible accounts to a sensible minimum under the circum- 
stances. 

This discussion is presented with the hope that a germ of an idea, 
here and there, may indicate how a semi-centralized management 
believes it has fully met the stress of the times to the satisfaction of 
its consumers and the continued credit of the industry. 
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‘THE HANDLING OF STORAGE YARD SUPPLIES AND 

lo, bas By J. S. Dunwoopy hi 
(Superintendent, Water Department, Erie, Pa.) 
vhopid 


The handling of storage yard supplies and equipment opens up a 
field in water works practice upon which it is difficult to strike g 
proper balance between the accurate distribution of all stock and 
equipment, and the cost of operating the system developed for the 
distribution. 

Whether a system can be developed that will work successfully 
and economically, regardless of the size of the operation, is beyond 
proof in the writer’s experience. It is, however, a foregone conclusion 
that regardless of the size of a plant some accurate method of handling 
stock and equipment is essential to successful operation. 

The system herein described will accurately and economically dis- 
tribute stores and small equipment for any water department large 
enough to warrant the employment of two clerks to carry out the 
details. With modifications, it could be applied in works having 
demands too small to require full time help for its operation. 

In developing any system an important thing to bear in mind is the 
correct point of division between the accurate written record and the 
unnecessary red tape. As soon as you pass this point of division 
the system becomes, first burdensome, then slow, and if you are not 
careful, extravagant and inaccurate. 
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To handle supplies properly, the first requisite is a properly de- 
signed stock room. A place for everythig, and everything in its 
place, is about all that can be written to cover this point. The room 
should be large enough to permit the orderly placing of all materials 
stocked so that they are readily accessible and can be quickly in- 
ventoried. Segregation of materials of similar character to definite 
unit parts of the stock room, and these units in turn carefully sub- 


divided as to sizes, kinds, etc., is of great importance. 


whether or fet crediie hare be iplied whieh would’ ch 


‘a 
— 
. 
a 
3 


VOL. 25, NO. 12] HANDLING OF STORAGE YARD SUPPLIES 1669 


Inside stock room stores will vary considerably, of course, with 
operating conditions, such as the number of makes and sizes of meters 
in the system, repair parts for which must be stocked; whether or 
not your city has standardized on one make of fire hydrant, as hy- 
drant parts for any repair must be constantly available, and so on 
down the list of materials used in water works construction. It can 
reasonably be expected that a plant of moderate size, say one re- 
quired to supply 100,000 people, would have from 800 to 1000 — 
of stock available at all times. ve 

Supervision of the stock room should be vested in one person who aa 
is held responsible for its operation. This clerk should be selected 


YEAR MAX. STOCK MIN. STOCK WEIGHT 
MATERIAL REC'D MATERIAL DISBURSED } ‘ON HANO MATERIAL REC'O i MATERIAL OISBURSED MANO 
T 
pare | | quanniry care | quanrity || pare | | | | are | quantity 
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Fig. 1. Stock INvENTORY CarRD 


with care, as he must be a very accurate record keeper and have a 
working knowledge of a water plant so as to understand the use of 
the various items of stock he is required to handle. 


sdf 

STOCK RECORD 

The individual card system for each item of stock, either tray 

or book form, on which can be kept a perpetual inventory by entering 
each transaction, is a most satisfactory method of record keeping. 

The accuracy of this method of record keeping can be attested by 

the fact that at Erie on the inventory of January 1, 1933, covering 


stock valued at $55,545.00 there was a discrepancy of only $19.15. 
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This inventory check was made after a full year of operation, and 91 
represents the handling of at least $100,000.00 worth of materials 

io and supplies. for 
eu While too much importance cannot be attached to the carefyl tio 
__ keeping of stock on card records, the writer is firmly of the opinion ret 
Bes\. that the most important operation of any stock record system is the of. 
distribution. fra 

= REQUISITION FOR STORES 
_ How, for instance, can curb cocks be drawn from stock, accurately a | 


distributed to the job on which they were used, be 100 percent 


i 4 
é BALANCE BROUGHT FoaWreny | | | 
: + + 44 
UNIT OF 
OESCRIFPTION MEASURE SHEET NO. CARD NO. 
Big. 2. Stock Invenrory Carp, Form 


accounted for, and yet not develop a burdensome lot of bookkeeping 
at the stock room office? 

Unless it is to cover some very special and out of the ordinary job, 
stores are never distributed by the stock clerk to the individual job 
or maintenance account. Stock is only distributed on the requisition 
of aforeman. In filling the requisition, the stock is transferred from 
the stock inventory record and charged to the account of the in- 
dividual foreman. A card record of his stock is maintained similar 
to the general stock room record. 

A foreman on his own requisition then completely equips himself 
for the job to which he is assigned. This method of stores distribu- 
tion is not limited to materials used in construction, but is applied 
to the assignment of all tools and equipment that in his judgment he 
feels he needs. 


ins 
4% | 
1) 
il 
+ 


VOL. 25, NO. 12] HANDLING OF STORAGE YARD SUPPLIES 1671 


foreman has been ordered to equip for a substantial job on distribu- 
tion system construction in advance of street paving. The first 
requirement of this foreman is a place to center his activities, a sort 
of an administrative building, and we have, through an inheritance 
from our forefathers, elected to call this unit a tool wagon. It is 
important that this be more than a storage box, so let us arrange for 
a practical working unit that can be truly called the job center. 
This wagon, built on the chassis of an abandoned truck, has an 
inside floor space of 114 square feet, is equipped with a field desk, 


REQUISITION FOR STORES N° 30602 | 


STOREKEEPER: = _19 
Furnish material specified below, to be used for 


Debit Job No. Account 


QUANTITY DESCRIPTION | price VALUE 


Goods Delivered: 


34 Storekeeper Foreman. 
Form 1—1-1-29-50 Books he 


are 


Fic. 3. REQUISITION FOR STORES 


stove for use in cold weather, small open bins for tools and supplies, 
and closed bins for heavy equipment, boots, oil skins, ete. The bin 
tops form bench seats for 20 men. Such an arrangement gives a 
warm dry place for lunch hour in stormy weather. The wagon has 
a close coupling tongue, and is towed from job to job by truck. A 
wagon of this type costs complete about $800.00. 
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FOREMAN’S SUPPLIES AND EQUIPMENT STIMSON 


_ A foreman in equipping for a job will first requisition all necessary 


tools and supplies. After they have been received, the first pro- 
cedure is to mark them with his own private identification. Being 
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held responsible for the tools he has requisitioned, he in this Manner 


he makes certain of their identification. 
bones Having studied the job to which he has been assigned, he next 
on requisitions the materials which in his judgment will be required 
wor either to complete a small job or substantially start a large one. 
COMMISSIONERS OF WATER WKS. 
oe Erie, Pa., 193__ 
7 QUAN. MATERIAL CARD NO. 


act 
A Foreman___ Job No. No. 
SHOP OFFICE ORDER 
2752 
Received by ___Shipped by 
106084 Showparior System Reguter Co. Bouse Building Firwowst Pe 
views 
the Fie. 4. Aurograpuic Stock DistrisuTion REecorD gl 


concentrated withdrawal from the stock room, and thus a rapid ad- 
justment of the records is made possible. It is, of course, folly to 
presume that a foreman will not overlook some item, or misjudge 
quantities on others, and when this happens he forwards via truck 
driver, or presents in ‘person a requisition for additional material. 
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This is supplied by truck delivery and accounted for by triplicate 
sheets issued through an autograph register by the stock clerk. 
One copy of this record is signed by the receiving foreman and is 
returned by the truck driver to the stock clerk. ‘Thus assurance of a 
completed and correct transaction is set up for all interested parties. 
Once a month the stock clerk lists all stock and equipment charged 
to each foreman, and same is submitted to the foreman for his in- 
formation. He can very quickly check the correctness of this record, 
and should a discrepancy occur, an immediate conference between the 
foreman and stock clerk usually finds the error. 


DISTRIBUTION OF STORES 


The foreman, having asumed the responsibility for a quantity of 
tools and materials, must be given a simple but effective method of 
distribution. The job and account number system we believe to be 
the easiest to apply, and most accurate in ultimate results. 

The job order is issued from the main office in triplicate, two copies 
going to the storage yard office. One copy is retained for permanent 
record, and the other given to the foreman as the field sheet. The 
complete job history is recorded on this sheet, and all materials used 
are reported on a Distribution of Stores blank. 

When the job is completed, the foreman makes the complete record 
on the field sheet, attaches all distributions from his stock, and the 
entire file is returned to the storage yard office. Here the job is 
carefully written up on the second copy of the job number, the fore- 
man’s stock record given credit for stock used, and the entire file 
forwarded to the accounting department where detail costs are com- 
puted and the permanent job history recorded. 

Whenever a foreman desires to return any materials to the stock 
room, it must be accompanied by a Materials Returned to Stock 
slip. 

The detailed cost sheet as compiled by the accounting department 
is prepared in duplicate, one copy for the superintendent, and the 
other for the foreman of the particular job. This affords an excellent 
opportunity to study costs, and to check weak spots in construction 
thods before they become financial losses. 


ay. THE HANDLING OF TOOLS AND EQUIPMENT ae 


Having covered the distribution of job materials by the foreman, 
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Commissioners of Water Works 


} Inthe Cityof Erie, Pa, CONSTRUCTION ORDER 
¥ FOR MAINS 
ai § 
Superintendent: 
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SUPERINTENDENT'S REPORT 
EET DISTANCE OR 
STR | MAIN LAID FROM | DIRECTION | 
| 
| 
LOCATION OF SPECIALS 4 
On. of. Line of St. 
On__ St Fe of. 
On St Fre of. of —Line of 
On. St Fe of St Fr 
On St Ft of St of St 
On SS —— St Ft of. Line of St 
On St Fr of Line of St 
On of. St Ft of. Line of St 
Requisition on Stores No. PURCHASE ORDER No. 
Material Returned to Stock No.__»__ 
Hand EXCAVATION Machine 
Soil ti tendent 
NOTE—Do Not Include Hydrant Branch | 
H. 
jand BACK FILLING OFFICE DATA 
Length | Length______Width____ Depth__ 
ICubie Feet Cubic Feet. Invoice Date 
Soil. Soil Number... 
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Commissioners of Water Works 


Superintendent: 
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In the City of Erie, Pa. 


HANDLING OF STORAGE 


600 New Connections 
258 Renewed Connections 
1-29 Trucking Labor (Acc. No. 200) 
601 Trenching for Mains (Hand) 
603 Backfilling, Mains (Hand) 
0-65 JTRENCHING MACHINE. 
200 Operators & Helpers 
201 Watchmen 
602 Hand Labor 
202 Moving & Placing 
203 Repairs 
[BACKFILLING MACHINE 
200 (Operators & Helpers | | 
604 fHand Labor 
202 Moving & Placing | 
203 Repairs | 
605 Laying & Caulking Mains 
606 General Labor 
280 Foreman 
607 Installing Fire Hydrants 
608 Paving Labor j 
600 Masons Labor | 
610 Mains, Conn. Ete, Abandoned 
TOTAL LABOR 


YARD SUPPLIES 


CONSTRUCTION ORDER 


MATERIALS AND SUPPLIES USED s 
Nomber | Quantity Description Price Amount 


MATERIALS AND SUPPLIES RETURNED TO STOCK 


Return 
Date Quantity Description Price Amount 
Num 


Unit 
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Account M 
Number] 


Materials & Supplies 


Less: Material Returned 


Net Materials & Supplies 


Direct Charges (Materia!) 
TOTAL 


TOTAL LABOR 


Team & truck Hire (Hauling) 


Reserved for Paving Cuts 


Storage Yd. & St. Dept. Overh 


Trucking Expense 


Trencher Expense 


Backfiller Expense 


Drag Shovel Expense 


Air Comp. Expense 


Tractor Expense 


Univ. Crane Expense 


Civil Engineering 


TOTAL COST 
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Fig. 6. DISTRIBUTION OF STORES 


Form 96—S0 Bks —50 Sets—1-1-30 


MATERIAL RETURNED TO STOCK N® 5352 


No 
CREDIT DATE ey 
( Account 
QUANTITY | DESCRIPTION | CARD No PRICE VALUE 
= 
"Entered at Office Received and Entered — 


Fic. 7. MATERIALS RETURNED TO Stock 


and the various equipment used by the workmen. For example, 
every man is assigned a pick, a shovel, an oil skin coat and a pair of 
boots. Equipment so assigned becomes the sole property of that 


SATO 
95—100 Bks —S0 Sers—1-1-26 
‘ 
DISTRIBUTION OF STORES Noe 11502 
i 192 
The material specified below was used for 
QUANTITY DESCRIPTION | CARD No. PRICE | VALUF 
— 
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a need for overhead stationary yard cranes. 
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workman, and he is held fully responsible for it. He must even turn 
in worn out equipment before new is assigned. This method may 
require a slightly larger investment in tools and supplies, but reduces i“ 
losses to Minimum. v : 


HANDLING HEAVY MATERIALS 


The economical and quick handling of heavy materials, especially Es 
where large quantities are involved, should be given careful con- 


sideration, and in our case a motor crane has been found to meet all a me 


requirements. 
The unloading of pipe in the storage yard is but one of many uses = ete 
of this equipment, but we are devoting our attentions to only this - 


feature of water works operation, and will not take the time to 
enumerate the many places it can be operated to advantage. The - 
point I desire to make is that an expensive piece of equipment of this — 
character does not have to be purchased for this one operation. It 
might be mentioned under the heading of this paper that the setting > 5 
of large valves by a motor crane can return large dividends to the 
water company, to say nothing of the speed with which such opera- _ 
tions are carried out. 

This type of equipment in a great majority of cases will eliminate 


The loading of pipe for distribution to jobs should be carried out 
ith a minimum of labor, and, with a properly arranged stock pile, - 
can be carried out with a truck driver and a helper. ss > 
With the aid of keg mats, the unloading of pipe at the job is sim- — 
plified and held to a low cost. Four mats are usually used, and the _ 
pipe is permitted to drop from the side of the truck to the ground _ 
with the mats breaking the fall. The more brittle centrifugal cast _ 
pipe can be successfully unloaded in this manner. 

The final handling of pipe, or the placing of same in the trench, 
is a simple problem until it embraces the larger sizes. Here the 
motor crane again proves its value, as it becomes an essential tool __ 
for pipe laying in sizes of 16-inch and larger. The trench hoe can 
also be utilized in the laying of large mains. I can recall one 30- and 
36-inch job on which the hoe excavated the trench, placed the pipe 
as soon as sufficient trench was open for a single length, and back- 
filled on days when laying was not in progress. The job just re- | 
ferred to was one of the most successfully executed main construction | 
operations to come within the writer’s experience. 
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CARE OF EQUIPMENT 


The equipment used in water works construction is so varied that 
it would be folly for me to go into details on the points of uses and 
values. All departments have equipment, so whether it be the lowly 
hand operated trench pump or the latest model trench hoe, let ys 
group them all and consider only the care of equipment used in water 
works construction and maintenance. 


Regardless of what the equipment is, it has a life. Equipment | 


life is better expressed by the term value. Therefore, the longer the 
life the greater the value. 

The first step in the preservation of equipment is to see that it is 
properly housed. Storage should be provided for every piece of 
equipment when it is out of active service. Nothing depreciates 
machinery faster than exposure to weather. 

The second step to assured long life for equipment is the annual 
over-hauling. Nothing adds faster to the cost of a job than a broken- 
down piece of equipment, and the only insurance against this is 
periods of thorough inspection. The operator of every machine 
should be a mechanic of sufficient ability to work on his machine, 
under the direction of a master mechanic, during the dull periods. 

While truck drivers cannot be expected to be auto mechanics, 
they should be sufficiently instructed to take full responsibility for 
their trucks. Grease and oil, carefully and systematically applied to 
present day hauling equipment will, with an occasional motor check, 
assure uninterrupted service. 

The third step in the care of equipment carries with it more than 
operating assurance, because it classifies your standing in the com- 
munity. The appearance of your equipment while on the highways 
of your city is considered by the citizens just as surely as your per- 
sonal appearance. Keep equipment painted, then keep it clean, and 
you have established one avenue of public relations which can be 
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AT WAR WITH THE DEPRESSION IN THE DETROIT = 
WATER DEPARTMENT 


(Superintendent, Water Consumers Accounts, Department of Water q 2 ; 
Supply, Detroit, Mich.) 
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The title of this paper is somewhat misleading in that it implies 
an account of the ‘‘war against the depression’”’ on all fronts, whereas — 
it is limited to an account of the struggle in but one small sector, that 
is the collection of delinquent accounts. Ifthe authorseemstohave _ 
taken undue liberty with the title it is hoped that his digression will 
be excused on the ground that the title is hardly a subject that can — 
be disposed of in a fifteen-minute paper, even if the writer knew all _ 
the answers, which he does not. | 

In order to clarify the reasons for the adoption of certain collection - 
policies and procedures, however, it is necessary to present a brief 
résumé of certain facts and conditions that lead up to the depart-— 

- ment’s present difficult state of affairs. | 
Prior to the depression, the department’s chief concern was to — 
provide its customers with an adequate and dependable supply of _ 
pure and wholesome water at the lowest possible rate, As the city 
rapidly increased in population, industrial activity, and area, this 
problem in itself became serious. It was evident that additional — 
facilities would have to be provided to meet the constantly increasing 
demand for water. A comprehensive survey was begun in 1919 by 
a group of outstanding consulting engineers. A definite program 
for expanding the facilities of the deparment was formulated, and — 
_ adopted by the Board of Water Commissioners. The cost of the pro- ‘a an 
_ gram was estimated to be thirty million dollars. The proposition was 
put to the vote of the people in 1926 with the result that a thirty — ce 
million dollar bond issue was authorized. Work on the new plant A 
_ was commenced in 1928. A definite fiscal policy to meet operating, 
interest, and sinking fund requirements had been adopted. This 
_ policy was, of course, based on anticipated increased earnings 
increased sales. ater rates were not increased, although 
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the Detroit rate was then, and still is, 50 percent lower than the 
average rate of the 300 largest cities in the country. 

Sales increased about as expected until 1929 and then began 
leveling off until 1931 when they took a definite turn downward, 

This condition, together with a rapid and constant increase jn 
delinquency, brought about the crisis. Something had to be done 
and done quickly. Well, something was done and, of course, it was 
the same thing that is always done in such an emergency—the em- 
ployees got it in the neck. First, there was a pay cut. This did 
not do the trick so there was another pay cut. Expense was still 
greater than income so a wholesale lay-off plan was adopted and put 


_ into immediate effect, all of which was done in accordance with the 


accepted principle of business, which demand: that the manage- 
ment’s first duty is to protect the return on the company’s bonded 
indebtedness and its position with the banks; its second duty to 
protect its dividends on preferred stock ; and its third duty to protect 
its dividends on common stock; and not until all of these duties have 
been discharged may the employees of a concern be taken into con- 
sideration. 

This simple expedient of reducing expenses has in the last few 
years been given a national try-out and must have produced ample 
proof of its efficacy or fallacy as a cure for economic ills. The proof 
is certainly there, but must be isolated from a maze of interwoven 
factors of cause and effect. There is a job for our analytical econo- 
mists. Itis hoped and confidently expected that under the magnifi- 
cent leadership of our President a new order of things will develop—a 
new deal that recognizes and protects the investment of time and ef- 
fort of the loyal, efficient worker, at least to the extent of the invest- 
ment of the holder of common stock who invests nothing but his 


surplus cash, 
iD A to 

DELINQUENT ACCOUNTS 
This department had not prior to the depression, given much 
serious consideration to the collection of delinquent accounts. It 


- had not been a serious problem. Our accounts were protected by 
~ the lien law. Our delinquent balance, normally low, was known to 
be as good as gold. We had no reserve for bad debts, we needed 


none, but by January, 1932 we were facing a new situation. De- 
linquency was increasing at an alarming rate. The fact that the 
delinquent accounts were theoretically good, was of very little 
help at the moment. We needed cash. Our collection staff was 


yo 
sm 
ex] 
mu 
ul 
ha 
wo 
bu 
ins 
eX 
b 
t y 
to 
wi 
wi 
of 
| 
of 
| 
ou 
wi 
til 
th 
th 
ge 
al 
al 


yoL. 25, NO. 12] DETROIT WATER DEPARTMENT 
small and under existing conditions we did not want to increase 
expense at that point, We recognized our obligation to the com- 
munity and realized that many, through no fault of their own, were 
unable to meet their bills, and, further, we knew that we would 
have to handle about 20,000 delinquent accounts per month. 

It was, therefore, evident that we needed a collection policy that 
would meet the following requirements: 

1. That could be carried out with a small staff; 

2. That would cause no undue hardship to deserving customers 
who were temporarily down; 

3. That would insure proper and uniform treatment to all 
delinquent customers of a like class; 

4. That would insure collection from all who could pay. 

We met requirement 1 (small staff) by putting considerable of the 
burden on the delinquent customer in requiring that he come to us 
instead of our going to him. How this is accomplished is later 
explained. 

Requirement 2 (that would cause no undue hardship) was met 
by adopting the policy that water service would not be discontinued 
to a residence where the only result would be to deprive a family of 
water service. In other words, we would discontinue service only 
where we knew or thought that such action would result in payment 
of the bill. 

Requirements 3 and 4 (insure proper and uniform treatment) and 
(insuring collection wherever possible) were met by the adoption 
of a definite classification of delinquent customers that prescribed 
definite treatment for each class. 

The following collection policy and procedure,! built around the 
3 

1 Before describing our collection policy it seems necessary to explain that 
our policy and system are necessarily somewhat different from that of the 
privately owned utilities in that they operate on the individual contract plan 
while we operate under the provisions of the lien law. 

Application for water service to a property is made once only, and at the 
time that the building is under construction. The application is made by 
the plumber on the job (not by the owner). This department then installs 
the service line, turns the water on with the understanding that continuous 
service will be rendered to that property as long as the rules of this department 
are complied with. The result of this procedure is that we do not know, at 
any time, the name or address of the individual who is responsible for the pay- 
ment of the service bills. 


Customers accounts are known by address only (address of the property 
served). Service bills are delivered to the premises unless requested other- 
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four major requirements above mentioned, was adopted January, 
1932, and has been in effect ever since, with such success as is herein. 

after mentioned. 
pa 


1 COLLECTION POLICY AND PROCEDURE ms 
‘The objective of the Collection Bureau is to dispose properly of ou 
accounts referred to it. gr 


From the standpoint of the Bureau, there are three methods of 
disposing of delinquent accounts: 
|. Collect the bill. one 
File a report explaining why neither wasdone. 
Points of contact before shut-off: ow 
Past due bill. (1 month after current bill) 
x i % ne 3. Next current bill with delinquent notice attached. (3 months 


: after first current bill) 

4, Form letter (No. 1) mailed. (4 months after first current 

S 3 _ 5. Personal call by field collector. He either collects, shuts-off or 


eR refers back to the credit man with reasons why he did neither. 
otal an prong (4 months 10 days after first current bill) 
Personal call by field collector. Field collector calls on accounts 


ss @arried in the time extension file since the first call of the 
collector. Operates as in No. 5. (5 months 15 days after 
first current bill) 

Accounts referred to collection bureau: All those that twenty days 
after penalty date are in arrears for the last period billed and in 
addition are in arrears for all or part of the previous period or periods 
in an. amount exceeding the penalty charge for the previous period, 
and provided that the total arrears is $5.00 or over. 

General collection policy: Discontinue service to all premises, ac- 
cording to schedule, whose account is delinquent and where all of 
our notices have been ignored, except: 

1. Where there is known to be a case of bonafide illness on the 

premises. 


wise by the owner or his agent. We have no record of changes in tenancy or 

ownership, but continue to render service to the premises and charge the 


of 
| 
or 
ad 
| 
i | 
1 
+ 
= 
a 
+ 


or 
he 


 -yoL. 25, NO. 12] DETROIT WATER DEPARTMENT gat 1685 


2. Where the building is occupied and no one on the premises at 
the time the call is made. 

In case of delinquent accounts where an effort is being made to 
pay the bill, this Bureau shall manifest a spirit of codperation by 
making an effort to assist the delinquent consumer toward working 
out some plan whereby his water supply will not be cut off, such as 
granting move time, accepting part payments, etc. 

For the sake of uniform treatment and dispatch in handling cases 
of delinquency, we have classified them as follows: 


Class No. 
1. Occupant is a welfare case and is the owner or is buying the property 
concerned. 
Treatment: Carry the account under the best terms that can be 
arranged. 
2. Occupant is a welfare case and is a tenant of the property concerned. 
The owner is being paid rent. 

Treatment: Collect or shut. If shut, notify the Board of Health, who 
will force the owner to pay the bill by application of the provisions of 
the sanitary code. 

3. Occupant is a welfare case and is a tenant of the property concerned. 
; The owner is not being paid rent. 

bs) - Treatment: Send bill for the last quarterly period to the Department 

of Public Welfare, and a letter to the owner, in accordance with the 

approved plan. 

4, Occupant is a tenant—his lease states that he shall pay for water 
| service—is not on Welfare but who is now without sufficient income 

4 doy or funds to pay water bills. 

‘Treatment: Extend reasonable credit, this to depend on what the 
effects of a shut-off would be, the probability of the consumers abil- 
ity to eventually clear the account and to what extent he has already 
reduced his living expenses. 

5. Occupant is the owner—not on Welfare, but is without sufficient in- 
come or funds to pay water bills. 
Treatment: Same as No. 4. 
6. Occupant is a tenant—his lease states that owner shall pay for water 


ARE 


service. 

+ Treatment: Inform the tenant that water service will be discontinued 

mt as per schedule if the bill is not paid by that time. Advise him to 

4 pay the bill himself and take it out of the rent, or to attempt to pre- 

rT; vail upon the owner to pay. 

fe 7. Owner is not occupant, but lease states that owner shall pay for water 
service: 

(a) Owner is unable to pay. is 


babuge (b) Owner is unwilling to pay because tenant is not paying rent. om . 
(c) Owner wont pay, does not care if water is shut. le 


j | a 
erein- 
§ 
4 
ds of 
oths 4 
rent 
tor 
her, 
ints = | 
the 
‘ter 
in 
ds 
od, 
of 
he 
= 
abe 


«HAL, SMITH (LAL 

Treatment: 

(a) Attempt to collect from the tenant as in Class 4. 

(b) Try to convince the owner that it is to his advantage to keep 

the account clear, thereby avoiding penalty charges, shut-off 
charges and in the end having to pay the whole thing anyway, 

gion If he refuses, deal with the occupant as in Class 4. 

—--- (e) Deal with the occupant as in Class 4. 

8. Business establishments where proprietor owns the property but who 
is unable to meet his obligations to this department at the present 
time. 

Treatment: Carry the account under the most satisfactory terms that 
can be arranged providing that it is evident that the consumer jg 
doing everything in his power to clear the account. 

9. Business establishments where proprietor does not own the property 
and who is unable to meet water bills in full at the present time. 

Treatment: Carry the account as in Class 8, providing the owner js 

willing. To obtain satisfactory evidence that the owner is willing, 

follow this procedure: 

(a) Fill out emergency credit extension form. 

(b) Apply rubber stamp reading as follows to the reverse side of the 

form: 

“With full knowledge that unpaid water bills become a 
lien against the property, I am willing that further 
credit be extended to the tenant described herein.’ 


1922.21 
abact 


vd 


te en 
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Owner 
ss (¢) Hand form to tenant and advise that credit will be extended 
entoonti when he returns form properly signed. 

10. In all cases of income producing property, see to it that we get at 


ont least our proportionate share of revenue produced. Keep in mind 
-Lie that without water service there would be no revenue. pata 
11. Extend no credit to known property milkers. Collect or shut. SL ae 


Gey 


The detail of the mechanics of this plan is not included in this 
paper, but will be furnished to anyone sufficiently interested to re- 
quest it. 

The question as to how successfully this plan has worked out is 
difficult to state as we have no measuring stick to apply. The im- 
mediate result, however, was a definite and decided decrease in 
delinquency. Late in 1932 delinquency took a definite turn up- 
wards and so continues until it reaches a point way above the point 
where we started at the beginning of 1932. During the period of the 
upward swing, economic conditions in Detroit were constantly getting 
worse, and in February, 1933, when the banks closed, we suspended 
all collection operations. 

Since the latter part of 1932 a growing disinclination to pay any 
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pills, particularly any that resembled a tax bill, was noticeable. a ‘ 
The failure of the Detroit banks naturally added to this disinclina- _ 
tion so that when we were ready to resume collection operations 
early in May this year, we were confronted with a somewhat different 
problem than that of January, 1932, when we were confident that 
with the application of a reasonable amount of pressure all who could 
pay would pay. 

Because of this attitude on the part of many customers, together 
with a host of other difficulties that had piled up as a result of the 
bank failures, the affairs of the department were in such a critical — 
condition that immediate and drastic action was again necessary. 

The only drastic step taken that we will have time to mention is 
that concerning the collection policy. 


os 
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Fig. 1 


to oo the rapid increase in aden was the fact that thousands 
of property owners were demanding that no further credit be ex- 


what the conditions might be. There were various motives behind © 
these demands, but at least one was legitimate and deserved im- _ 
_ partial consideration, and that one is the fact that any credit - | 
tension granted by this department to a tenant or contract holderis 
actually underwritten by the deed holder without his knowledge or | 
- ¢onsent except as implied by provisions of the lien law. There is 
ss no question but that property milkers have taken advantage of this — 
provision to the distinct disadvantage of the deed holder or 
— 
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There also are many Detroit property owners who are donating 
either willingly or otherwise the use of their property to unemployed 
families. This group feels that they should not be expected to 
furnish water to these families in addition to granting them the free 
use of their property, so they demand that we collect from the occy- 
pant or discontinue service, regardless of conditions. 

This department carefully considered all these facts, looking the 
problem squarely in the face, with the result that the following con- 
clusions were reached, or, rather, re-stated with emphasis. 


HAL. F.SMITH WW 


That the Detroit Department of Water Supply is a branch of the city govern- 
ment that operates solely for the purpose of furnishing its citizens with an ade- 
quate and dependable supply of pure water. It operates without profit and 
its only revenue is that derived from the sale of water. Its rates do not pro- 
vide, nor were they intended to provide, a reserve for bad debts. Theoreti- 
cally, at least, the department must collect in full for service rendered, or run 
into a deficit. It is not in any sense of the word a charitable organization, 
nor can it function as such either legally or practically. It must collect for 
service rendered. 


It was realized, of course, that it would be impossible to clear 
immediately all accounts on which a delinquent balance had been 
; allowed to accumulate, but that the increase in delinquency could be 
immediately stopped by requiring each delinquent customer to 
ss pay on account an amount at least equal to the amount of the 
last quarterly bill, or in case of monthly accounts, equal to the last 
monthly bill. It was also realized that there were many who would 
be unable to meet this requirement and that the operation of this rule 
might lead to serious consequences, so we called in the Department 
of Health and the Department of Public Welfare and put the propo- 
sition up to them. 

As a result of this meeting, the above mentioned rule was adopted 
and put into immediate effect with the understanding that any cus- 
tomer who was deprived of a water supply could appeal to the Board 
of Health who would investigate the case and force payment wherever 
possible by application of the provisions of the sanitary code, as 
they had in the past. In those cases where they were unable to 
locate any legally responsible party who could pay and where the 
lack of water service was causing a health menace, it was decided to 
refer the case to the Department of Public Welfare together with 
: their findings and recommendations, after which the Department of 
Public Welfare would pay out of Welfare funds the amount required 
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to have service resumed. This does not include enrolled and ap-— 
proved Welfare families as they are provided for in our original set — 
up, wherein their bill is paid by the Welfare Department before the — 
cut-off. 
This rule did not change our previous plan only insofar as it estab-_ 
lished a minimum partial payment below which our Credit Depart- 
ment could not go. iy 
Because of the fact that we have not yet completed, under this — 
plan, an entire cycle of collection operations in any district, we are 
not in a position to draw any definite conclusions, but it is ‘already 
evident that we will not be discontinuing service as often as we had © 
thought would be necessary, because many who had previously — 
found it impossible to pay anything, or at least convinced our Credit — 
Department that it was impossible, are now succeeding in digging © 
up an amount to at least meet our minimum requirement. B 
There seems to be but little to say in conclusion. We have simply 
built up a collection routine to meet conditions as we find them and > 
we change the routine when necessary to meet new conditions. o 
While we are not yet out of the woods, we are much encouraged by ~ 
events of the last few weeks. Industry is unquestionably picking © 
up, water sales are increasing, and collections are improving. It is 
confidently expected that within the next few months the Detroit — 
Department of Water Supply will be well on the road to recovery. __ 
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STATE REGULATION OF WATER RATES FOR MUNICIPAL 


op Jot 


(Secretary, Public Utilities Association, Cheslesion; W. Va.) 


< a very able article by Howell Wright, appearing in the May 
25, 1933 issue of “Public Utilities Fortnightly,” under the subject of 
“Regulate the Municipal Plants,” the writer says: 

“The facts available as to regulation of municipal water works are 
not so satisfactory; at least thirty-five state commissions have no 
jurisdiction over these utilities.” In the foreword to Mr. Wright’s 
article, it states that he has devoted several months to the invest- 
igation and study of municipal power and water plants. In view 
of Mr. Wright’s statement, as well as my own experience in trying 
to get a small amount of data, I have come to the conclusion that it 
is advisable to confine my remarks, in the main, to certain general 
principles involved in the subject of this address. 

In considering the question of regulation of municipally owned 
water plants by state commissions, it is not necessary to discuss the 
question of private versus public ownership and operation of water 
companies and other utilities. Every state in the Union, with the 
exception of Delaware, has a public service commission or some board 
or department which exercises regulatory authority over privately 
owned utilities. The question for consideration is whether or not 
it is desirable, in the public interest, for the authority of these regula- 
tory bodies to be extended to municipally owned water works, so as 
to regulate rates for service. If a commission is authorized to regu- 
late rates for service, it would necessarily follow that it should have 
the authority to require uniform systems of accounting and proper 
reports, and to pass upon the rules and regulations promulgated by 
the water plant for the distribution of its service. 


SEVENTY-TWO PERCENT OF WATER SYSTEMS MUNICIPALLY OWNED 


A survey of the situation indicates that seventy-two percent of the 
water in the States are owned. b 
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thirty-five states commissions have complete regulatory jurisdiction 
over privately owned water plants, with limited powers in several 
states, according to Mr. Wright. Among the state commissions 
which Mr. Wright lists as having fairly complete control over muni- 
cipal water works are Maine, Nevada, Wyoming and Wisconsin, with 
limited control in a number of other states. West Virginia should be 
added to this list. The Public Service Commission of West Virginia 
has jurisdiction over all municipally owned utilities. There is no 
distinction in the public service law of that State, so far as regulation 
is concerned, between municipally owned and privately owned 
utilities. The West Virginia Commission has exercised such authority 
as to rates, accounting, filing of reports, etc., but has not, on its own 
motion, investigated the rates of municipal plants. __ re died 

MUNICIPAL WATER SYSTEMS SHOULD BE REGULATED 

I am of opinion that it is in the public interest that municipal water 
plants be placed under the jurisdiction of the state regulatory bodies, 
which, generally speaking, should be given authority to pass upon 
rates for service, require proper systems of accounting and the filing 
of reports. 

In certain states there are constitutional limitations which would 
make it impossible for the regulatory authority to fix rates for munic- 
ipal plants. This is pointed out by Mr. Wright, who cites Ohio as 
an example of a constitutional home rule state. But even here, he 
says,the commission should have the authority to prescribe for munic- 
ipally owned plants a uniform classification of accounts, require 
annual reports in proper form and examine and audit all books, records, 


vouchers and accounts. 

It is a part of our national policy that public utility businesses, 
being affected with a public interest, are the proper subject of regula- 
lation by the state. Upon this principle, all private property which 
is devoted to public use is subject to some form of regulation. The 
general purposes of such regulation, in the interest of the public, are 
to prevent wasteful duplication of investments and facilities by means 


a of the regulation of the granting of franchises and certificates of con- 


venience and necessity, which in effect create, so far as the artificial 
a laws of the state may do so, a monopoly in the hands of the holder of 
__ the franchise or certificate; and second, as a necessary complement 
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plant management. 


of such monopoly, to fix rates that may be charged the users of the 
service, and require the utility to render the service, making its chargeg 
without discrimination or preference among its customers. In the 
early days excessive rates and discriminatory practices were con. 
trolled by competition. This theory has been discarded as anti. 
quated in favor of the regulated monopoly.’ This statement of general 
principles of state regulation of the private utility is made in order that 
we may determine to what extent a municipally owned water plant 
is endowed with the same characteristics which give rise to the need 
of regulation where the plants are privately owned. 


WATER SYSTEMS NOT PRIMARY FUNCTION OF GOVERNMENT 


It must be borne in mind that, when a municipal corporation em- 
barks in the public service business of supplying water, it is function- 
ing in a proprietary capacity as a corporate entity under authority 
of legislative enactment, as a private corporation may function under 
like authority, and not in its governmental capacity as a subdivision 
of the state. For instance, when a member of municipal council sits 
in councilmanic session, he is an agent of the government, and when 
he sits in a session to determine the managerial policy and operating 
methods of a public utility water business owned by the city, he acts 
as a member of the board of directors of a proprietary corporation. 


WHEN RATES ARE FOO LOW 


I see no reason why the consumer in any city or town served by a 


- municipally owned water plant should be required to pay more or 


less than the actual cost of the service he receives. 

When rates for service are too low, it places an unjust and unfair 
burden upon the general taxpayer of the municipality. When rates 
are too high, it places an unjust and unfair burden upon the users of 
the service. 

Let us discuss a moment the first of these evils. 

Too often rates are fixed for political purposes. The council and 
the management of municipally owned plants like to point with pride 
to the fact that their particular city has the lowest water rate of any 
town in the district or in the state. It gives the city a certain 
amount of favorable advertising. The newspapers play up the story, 
and, of course, the taxpayers and citizens feel that their plant is being 
efficiently and economically operated. The beneficiaries of the low 
rates naturally feel kindly to the members of the city council and to 
This means votes at election time. 
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the creation of a sinking fund, to fix the rates of such utilities so as to provide 
adequate operating revenues to meet current operating expenses, replacements - 
and depreciation, and provide in addition thereto a fair rate of return upon a 
S fair value of such utility property used and useful in the public service, and to 
- authorize the revenue derived from such fair rate to be expended for the pur- 
pose of paying or aiding in the payment of interest and the creation of a sinking © 
fund for the retirement of such bonds. b 


VOL. 25, NO. 12] STATE REGULATION OF WATER RATES 


An investigation in such cases will show that the general taxpayer, 
who may not be a water user, is making his annual contribution to the 
operating cost of the plant. For instance, certain officials and em- 
ployees, whose salaries are paid out of general funds, are devoting a 
large part of their time to the water plant. Again, by failure to 
set up proper accounting systems and make proper allowances for 
depreciation, the management is subsidizing the consumers at the 
cost of capital outlay. And in such cases there is always a day of 
reckoning. 

In West Virginia, last fall, the voters approved a constitutional 
amendment which limited levies. As a result, many of our cities 
and towns are facing a most serious situation. They are hard put to 
find additional sources of revenue with which to provide fire and 
police protection and carry on the ordinary functions of city govern- 
ment. The League of West Virginia Municipalities suggested to the 
extraordinary session of the legislature, which has just adjourned, a 
number of bills designed to provide sources of revenue, and otherwise 
to permit the municipalities to meet the emergency with which they 
are confronted. Among these measures was a bill, the title whereof 
was in part, as follows: 


A Bill to authorize and direct municipalities operating public utilities ac- 
quired or constructed from the proceeds of bonds authorized by popular vote, - 
for which special levies have been provided for the payment of interest and 


I asked the attorney for the League, who drafted this bill, what its 
purpose was. He said that in many towns and cities of the state 
yater systems were operated at such low rates as to be a drain upon 
he municipalities; that any move to increase the rates to put the 
plants upon a proper basis would be opposed by the politicians and 
many of the consumers. It was therefore thought that if such a 
law could be passed, making it mandatory to fix adequate rates, it 
would enable them to correct a practice which, they admitted, was 
almost impossible under present conditions. The bill failed to pass 
the House of Delegates. if 
Again, water rates may be fixed at too low a figure in order to justify 
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some municipal ownership venture. I recently saw a list of water 
rates in West Virginia cities owning their own water works com. 
pared with cities where the water systems were privately owned, 
The writer, an ardent advocate of municipal ownership, pointed to 
the fact that on an average the municipally owned plants had lower 
rates than the privately owned plants. He did not show what the 
rates of the municipally owned plants would have been had they been 
taxed as the private plants were. To the extent that municipal plants 
--- areexempt from taxation, the general taxpayer is required to pay addi- 
Pha tional taxes. Certainly the consumer, in deciding between private 
or public ownership is entitled to all of the pertinent facts. Ina 
= proper system of accounting, therefore, taxes should be set up by the 
- municipal plant in order that the taxpayers and the consumers may 
WHEN RATES ARETOO HIGH 
There is another class of municipally owned water plants which 
charge the consumer more than the service actually costs. This type 
of management wants to show a “profit’’ (which is sometimes used 
_ for general purposes). It is obvious that here the consumer is being 
taxed to carry on functions of city government which should be paid 
for out of other funds. That such a practice is unsound and unfair 
seems to me to admit of no argument. 
In the State of West Virginia, a number of years ago, the city 
— council of a large city, through mismanagement of the city’s affairs, 
found itself faced by a tremendous deficit. This city operated the 
_ largest municipally owned water system in West Virginia. A petition 
_ was filed with the Public Service Commission asking to practically 
double its water rates. ‘The Commission suspended the proposed rates 
___ and entered into an investigation which lasted for several years. The 
auditing department of the Commission found that the books and 
accounts of the plant were kept in such shape that it was impossible 
to tell anything about the cost of operation. A large number of the 
- consumers were not metered. No effort had been made to collect 
the bills from a iarge number of the patrons. Rank discrimination 
_ and unsound practices were found. It was further brought out that 
funds from the plant were used to pay for police, firemen, and other 
services. The Commission finally threw up its hands and fixed an 
arbitrary rate somewhat higher than the then existing rate, but far 
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In another case a town of about 3500 population, with a munici- 
pally owned water plant, applied to the Commission for an increase 
in rates. After an investigation the Commission denied the petition — 
and entered an order lowering the existing rates. The city appealed 
to the Supreme Court of Appeals, and the action of the Commission 
was upheld. In this case it was claimed the city was endeavoring to 
divert receipts from water service to general municipal purposes. 


FREE SERVICE IS THE NATION-WIDE SCANDAL 


Quoting again from Mr. Howell Wright’s article: “Free service in 
all its ramifications is the nation-wide scandal of unregulated water 
works. Let the public utilities commissions have proper jurisdiction fg 
over municipal water works and this abuse will come toanend. The 
use of municipal water works funds for free services or for other than 
strictly water works purposes, is not only contrary to sound adminis- 
tration, but it is a positive menace to the very structure upon which ~ 
operation of the business is based.” The writer further says: “It is — 
a blot upon municipal ownership and operation, and when such di- 
version appears in the form of subsidies to supposedly tax-supported 
branches of government and to private organizations, as is common | 
practice throughout the country, it is nothing short of ‘legalized _ 
imposition.’ 

That the management of some municipally owned water systems _ 
have not followed this practice and that the method of “robbing Peter _ 
to pay Paul” is not necessary in efficient municipally operated plants _ 
is forcibly demonstrated by the City of Holland, in the State of Michi- _ 
gan. I had the pleasure of looking over the 39th Annual Report of | 
the Board of Public Works of the City of Holland for the year ending 
December 31, 1932. Here, a city has engaged in the operation of a — 
water system, electric light and power system, sanitary sewer system, 
fire alarm telegraph system, etc., and apparently the result has been 
satisfactory. The Board of Public Works of the city, which operates _ ais 
and manages these activities, was organized in 1894. Unquestionably, © bs 
the success of the venture is largely based upon the method of account- _ 
ing used in connection with the several projects, the complete and 
detailed audits and statements made each year, and the practice of = 
paying taxes on the property, on the one hand, and charging the city e: iy: 
for service furnished on the other hand. For instance, the report — 
shows that a total of $21,215 was collected from the city for hydrant 
service, street sprinkling, public schools, public parks, Holland hospi- 
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tal, City Hall, public drinking fountains and fire department houses, 
It also shows that in the same year taxes were paid account of the water 
plant in the amount of $7,827. What has been done by the Board 
of Public Works of the City of Holland, voluntarily, should be ye. 
quired, at least to some degree of all municipally owned water works, 


ie STATE REGULATION HELPFUL TO MANAGEMENT 


Management of municipally owned water plants should welcome 
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regulation of rates and supervision of accounting practices because it 
will protect it from insidious political influences which too often use 
any municipally owned enterprise as an opportunity for graft and 
favoritism. 

I want to make it clear that what I have said is not intended to be 
a criticism of water works officials. By and large, superintendents, 
engineers, chemists, accountants and employees of these properties 
are endeavoring to provide their communities with an adequate and 
safe water supply at a reasonable cost. But no one who has served in 
public office, especially in municipalities, will deny the statement that 
it is next to impossible in the average city to avoid political pressure, 
with its consequent injurious effects upon efficient management. 

Again, it seems to me that the state regulatory body, equipped as 
it usually is with accountants, engineers and other experts, could be 
tremendously helpful to the management of any municipally owned 
water plants. This would be especially true of plants in smaller com- 
munities which do not have the facilities or talent to make a proper 
set-up, or install a proper accounting system, and where they really 
are unable to determine what is a proper and fair rate to be charged 
for their services. 

Perhaps the outstanding example of state commission control of 
municipally owned plants is in the State of Wisconsin. Certainly no 
one can truthfully say, knowing the attitude of the people of Wis- 
consin upon the question of municipal ownership, that this has been 
brought about by a desire on the part of the lawmakers to handicap 
or “ham-string’” municipal water plants. In this State there are 
261 municipal and 20 private water works. Wisconsin makes no 
distinction between the regulation by its Commission over privately 
owned water systems and municipally owned plants. Service ex- 


WISCONSIN OUTSTANDING EXAMPLE 


tensions are usually initiated by the municipalities, subject to review 
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by the Commission. Municipal water utilities are required to obtain 
certificates of convenience and necessity before establishing or ex- 
tending their service. Free service by either a private company or 
municipal water works is prohibited by public utilities law. The 
water works authorities are required to bill the city for fire protection 
service, service to schools, fire stations, city hall, and other public 
buildings; service for street sprinkling or sewer flushing, drinking 
fountains, etc. The Commission requires that the municipal utility 
be handled as a business proposition, separate and distinct from the 
general city business. The accounting regulations of the Wiscon- 
sin Commission require the municipal utility to set up on its books 
and pay to the city an allowance for local taxes comparable to what 
the city would get from it were it privately owned. g 

In conclusion, one might ask the question why the regulation of 
privately owned utilities is almost universal and the regulation of 
municipally owned plants is the exception. The answer is, politics. 
For some reason the politician has seen little advantage in advocating 
commission regulation of his municipal plant. It is likewise a fact 
that the public service commissions of the country have not insisted 
that they be given authority over municipal operations. Privately, 
most commissioners will tell you that they should have jurisdiction 
over municipal plants. To seek such power openly would subject 


them to the charge of endeavoring to broaden their authority and 
inerease their power. 


It is time for state executives, legislators and the taxpayers and 
consumers in the municipalities to awaken to the fact that state regu- 


lation of municipally owned water works systems is in the public 
-_ interest—that it is a protection to the taxpayer, the consumer,and = 
the honest and efficient plant operator. oat 
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COMMISSION REGULATION OF THE ISSUANCE AND THE 


ACCOUNTING TREATMENT OF SECURITY ISSUES 
WATER WORKS PURPOSES 


_ (Formerly member of the Public Service Commission, Madison, Wis., 
now director, Tennessee Valley Authority) 


‘Two of the most persistent problems in regulating water utilities 
are, first, working out a practicable balance between home rule 
sentiment and state control; second, devising practical means of 
_ fairly spreading the cost of water service among classes of customers 
- and between water users and taxpayers. 

As to the first problem, strong home rule sentiment is natural 
because of our political traditions and because of the predominantly 
local character of water utility service. Under these circumstances 
a wise state control will pool experience and tend to improve stand- 
ards of water works practice. In working out this reconciliation 
between home rule sentiment and state control, the Wisconsin Com- 
mission has blended its regulatory functions with advisory functions. 
In some respects the Commission has served in much the same way 
as a management servicing organization ina holding company system. 
It has furnished advice and assistance along many lines, not the 
least of which is assistance in water utility accounting. 

The second problem is divisible into two parts. One angle is to 
fairly spread the cost of service among classes of users. This is 
primarily a matter of rate design, although it ties in closely with 
the second related problem of spreading costs fairly as between 
water users and taxpayers. This second problem is a factor in 
_ both rate-making (determining whether rates shall yield enough 
revenues to finance additions or retire city advances) and financing 
(choosing a financial policy respecting acquisition of or additions to 
plant which determines the relative burdens to be assumed by the 
water users as distinct from the taxpayers). Rate-making is a large 
subject by itself. In may remarks I shall focus upon financial 
problems and methods that involve security issues, with occasional 
reference to accounting practices. 


yo 
pu 
{ 5 or 
tio 
of 
ips 
TA) 
ap 
of 
to 
th 
ill 
se 
to 
ql 
i m 
q 
th 
7 
n 
: 0 
P 
1698 


SECURITY ISSUES FOR WATER WORKS 1699 


yoL, 25, NO. 12] 

Security issues are involved primarily in providing funds for 
purchasing water plants from private owner or installing new systems, 
or in financing additions and improvements of pumping and filtra- 
tion equipment which necessarily involve relatively large amounts 
of capital. It has become the frequent practice of Wisconsin munic- 
ipal water plants to finance the smaller additions to distribution 
plant by means of special assessments, customer contributions, direct 
appropriations from municipal general funds, or from current income 
of the water utility. Because these methods of financing additions 
to plant do not ordinarily involve security issues, I am excluding 
them from this discussion. 

In dealing with these problems the Commission has acted partly 
in a regulatory capacity and partly in an advisory capacity. As an 
illustration of the exercise of advisory functions, the Public Service 
Commission has been called upon time and time again to render a 
service to municipalities where such municipalities have proceeded 
to acquire utility properties privately owned. Assistance is re- 
quired in analyzing the local situation so as to determine the best 
method of financing either the purchase of a water utility or the 
needed additions and improvements to the system after it is ac- 
quired. ‘The Commission, in these cases, furnishes free advice as to 
the notices of election, the preliminary actions of the municipal 
council or board, and even as to the conduct of such elections, and 
in frequent cases furnishes the forms which have been determined 
by the Supreme Court to comply with the statutes. The Com- 
mission makes a final determination of the value at which such plant 
must be taken over by the municipality. It defends such finding 
on appeal to the courts, and advises such cities as to the legal pro- 
cedure and methods necessary to raise the money to pay for the 
plants, whether by taxation, the issue of municipal bonds, mortgage 
bonds, or by a combination of any or all of these methods. A great 
many proceedings for acquisition by condemnation have been had 
before the Commission and prosecuted to a successful termination. 

A fundamental clash of interests colors discussion of the financial 
policies of publicly-owned water utilities. Taxpayers want tax rates 
and tax burdens kept as low as possible; water users want the lowest 
rates possible. These conflicting interests often come to the surface 
when a community is faced with the need for acquiring, improving, 
or extending water plant and has to devise a plan for financing the 
transaction. 
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In dealing with these problems the Commission acts partly in an 
advisory capacity and partly in a regulatory capacity. Our experi- 
a ence is that a single general rule or financial plan does not fit lj 
— situations. The policy of financing must be adapted to local circum. 

eg stances and sentiment. Hence, I propose to outline the major 
ae financial plans in use in Wisconsin, mentioning some of the difficyl- 


7 4, ties experienced and some of the accounting problems involved. 
a a So far as any tendencies are discernible, I think it can be stated, 


Pec first, there is a tendency to use revenue bonds supported by the 
a water users in place of general city bonds supported by taxpayers, 
especially in financing acquisition of water works or the construction 
of major additions to production plant. Second, there is a tendency 
for water utilities to place upon water users instead of taxpayers 
the major burden of interest and amortization of city water works 
debt and the financing of additions to distribution plant. 

In considering the kind invitation of your Committee to discuss 
before you some of the problems involved in commission regulation 
of water works companies, we have concluded that the most effective 
approach to these problems would be by setting out concrete situ- 
ations which have arisen in the actual course of commission regu- 
lation. Our discussion accordingly will be confined for the most 
part to setting before you specific situations which have arisen during 
the course of many years of commission regulation of both publicly 
and privately-owned water utilities in the State of Wisconsin. From 
this discussion of concrete situations, we believe light will be thrown 
on the general principles. 

In the preparation of this paper we have had the invaluable as- 
sistance of Mr. P. A. Reynolds, a Case Investigator on the staff of 
the Public Service Commission. Mr. Reynolds over a period of 
many years has had intimate contact and experience with the day- 
to-day problems of water works utilities, and particularly in rela- 
tion to the question of finance and accounting to which this section 
is devoting itself. 


4, 


(oh PROVIDING CAPITAL FOR CONSTRUCTION OF WATER UTILITIES 


; Bi Practically every water utility requires a substantial sum each 
year for new construction. There are several sources from which 

a funds may be secured for this purpose, but a large number of water 

utilities have successfully operated on a self-supporting, self-per- 
; petuating basis. This is particularly true of the municipally owned 
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plants, and all of the 283 water plants in the State of Wisconsin 
are publicly owned, except twenty. 
The question of developing a construction policy or plan which 


iJ 


will provide for the orderly expansion of the water works in reality = 


precedes the financing thereof. 

Briefly the standard procedure of providing funds for additions 
and improvements is this: First, all applications and plans should 
be submitted to the council or board by the local Water Commission 
for consideration and investigation. After plans have been ex- 
amined, estimates made and all facts passed upon by motion of the 
council, the entire matter is referred back to the Water Commission 
with instructions for it to call for bids on the project or enter into 
the construction work with its existing employees or a combination 
thereof. 

Simultaneously with the referring of the matter to the Water 
Commission the council should provide it with the funds with which 
to perform the work under one of the several available methods of 


raising capital. 


GENERAL TAX SUPPORTED BONDS (GENERAL LIABILITY) Bi 


This class of municipal bond was extensively used in Wisconsin 
subsequent to the passage of the Public Utilities Law in 1907, to 
finance the acquisition of privately-owned water plants by munici- 
palities. Since about 1919, however, this class of bond has had a 
very limited use for this purpose due to the enactment of the mort- 
gage bond section of the statutes. A few small cities and villages 
have issued such tax supported bonds to finance entirely new water 
systems or to make usually large additions and improvements. 

The issuing of general village or city bonds for financing water 
utility construction, in recent years and in many communities, has 
been impossible due to the fact that they are too close to their 
constitutional five percent debt limit. Where this is not the case 
the issuing of general liability bonds is probably the cheapest method 
of financing as usually a much lower interest rate is made possible. 

Where these general municipal tax supported bonds have been 
issued in recent years, they were to finance production plant and 
equipment rather than distribution plant. In other words, the 
character of the fixed capital additions contemplated had consider- 
able influence in determining how they were to be financed. 


— are now outstanding in Wisconsin many thousands of dol- 
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lars of general tax supported municipal obligations issued for wate, 
works purposes and which are reflected on the books of the utilities 
However, the Commission in revising its Uniform Classification of 


Accounts for electric utilities provided for long term debt to be get ] 


up for those municipally owned as follows: 

: “«. . . Bonds or other evidences of debt issued by the municipality 
‘and not by the utility, for the purpose of securing funds to be advanced to the 
utility shall not be credited to this account. The amounts so advanced shall 
be credited to account ‘Advances from Municipality’ or to account ‘City 
Equity’ depending upon whether or not the advances are to be repaid to the 
municipality by the utility.” 


To be consistent the Commission will no doubt provide for wate 
utilities following the same procedure when the uniform classification 
of accounts for this class of utilities is revised. 

It appears logical, however, to require water utilities to show in 
their books the amount of city liability incurred in their behalf, 
and if a utility is charged with any of the interest or amortization 
of principal, that should also be indicated. 

Past experience has shown that it is difficult to secure the passage 
of a general bond issue for financing water works construction. Ex- 
traneous issues often play an important part in the matter so that 
instead of voting favorably upon a meritorious project, it is turned 
down on grounds entirely foreign to the necessity for the improve- 
ment. There are exceptions. For example, the City of Plymouth 
financed its original plant in 1900 by issuing $70,000 of 5 percent 
mortgage bonds payable serially up to and including 1928. These 
were paid off out of earnings. An explosion of a flywheel in 1911 
which caused about $20,000 damage required the issuance of bonds 
to rebuild and make needed improvements and hence general city 
20-year bonds were issued. These latter bonds were promptly 
approved by the voters and have since been retired by the city and 
credit given therefor in the City Equity account on the utility's 
books. 
MORTGAGE BONDS 
_ There has been in effect in Wisconsin for many years certain 
statutes (Sec. 66.06) which provide for the issuance of mortgage 
bonds and mortgage certificates. 

The mortgage bond law is difficult to abstract, but it provides in 
effect, when taken with an amendment passed in 1923, that the con- 
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Water struction, acquisition, or extension of a municipally owned utility 
ilities, may be financed by mortgage bonds, bearing interest of not more 
100 of than six percent and sold at not less than par. They constitute a 
be set mortgage on the utility property only and the municipality is re- 
quired to apportion the income in such a way that a special re- 
pality demption fund is provided for paying off the bonds in not more 
to the than forty years. The only material difference from the mortgage 
d shall certificate law is that under the mortgage certificate law certificates 
Me are payable at the option of the municipality in not less than five 
‘ years nor more than twenty years from the date thereof, and in the 
mortgage certificate law there is no provision for setting aside the 
water special redemption fund. There is provided for, however, in the 
ation mortgage certificate law “that an amount not less than four percent 
of the value of outstanding certificates will be placed annually in 
W in said sinking fund and be invested as other sinking funds.”’ 
half, While many of these mortgage certificates were issued under the 
ation provision of the so-called Nye Act (Chapter 407, Laws of 1923), 
the State Supreme Court has ruled (State ex rel Morgan vs. Portage, 
Sage 174 Wis. 588) that any mortgage bonds or mortgage certificates 
Ex. issued under the provisions of Section 66.06, sub-section (9), Wis- 
that consin Statutes, for any additions and improvements must be con- 
med sidered as part of the funded debt of the city or village and hence 
‘Ove- be considered in determining the five percent constitutional debt 
outh limit. 
cent At the November, 1932, election a constitutional amendment was 
hese voted on favorably in a state-wide referendum and a bill is now before 
1911 the Legislature modifying the mortgage bond law to permit municipal 
nds utilities to mortgage the utility property for extensions and improve- 
city ments as well as for the original acquisition. The revised statute 
ptly proposes to make certain that all such mortgages and contracts would 
and not be an obligation of the municipality and hence not included 
ty’s within the five percent debt limit. It appears probable under the 
proposed amendments to the mortgage bond law that a more ex- 
tended use of this type of financing will occur in Wisconsin. As 
; previously noted, these mortgage bonds or mortgage certificates, we 
ian are led to believe, are the only bonded indebtedness which should be 
age set up on the utility’s books as a direct obligation; general tax sup- 
‘ ported city obligations should be shown on the records as a part or 
’ breakdown of the City Equity account. 


One outstanding example of a water utility purchased from private 
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interests is that at Stevens Point. This was financed originally 
issuing $100,000.00 of general city bonds and $159,000.00 of mort- 
gage bonds. The pumping station as taken over by the city was 
abandoned, along with the use of Wisconsin River water and a new 
supply developed in the Plover basin, a few miles from the city, 
which is claimed to be the largest known underground supply of 
naturally soft water. Since 1922 when this plant was purchased, 
$54,000.00 of mortgage bonds have been retired, and the necessary 
new construction and improvements provided for in addition so that 
on December 31, 1932, the cost new as per books was $483,337.90, 
Over $45,000.00 of abandoned property has been written off during 
the elapsed period. It is thus seen that new plant additions have 
been made in the last ten years at a cost of close to $269,000.00 as 
well as $54,000.00 of bonds being retired without the city or general 
taxpayers having been required to help through direct appropri- 
ations. The rates to customers during this period, it should be 
noted, compared very favorably with those in other cities of similar 
size. Some of the peculiarities arising in connection with this finane- 
ing at Stevens Point are discussed later. 

While the water utility is required by ordinance as well as by 
Section 66.06, 1931 R.S., to set up a special fund to be identified as 
the “Bond and Interest Redemption Account,’ reserves only have 
been set up, and as bonds and interest matured, payments thereof 
have been made from the general cash account. As bond holders 
have made no objection to this violation of the statutory provisions 
and as all obligations have been met promptly, and there being no 
provision in the Public Utilities Law that the Public Service Com- 
mission should bring any action for such violations, none have been 
inaugurated in any instance where mortgage bonds have been issued 
and the special redemption fund dispensed with. 

In one instance, the Village of Eagle River developed a new well- 
water supply consisting of a small plot of land, on which is located 
a well, one pump, a combined reservoir and slow sand filter and 
elevated steel tank. Mortgage certificates in the amount of $30,971 
carrying a 6 percent rate were issued on this property only and a 
separate set of accounts proposed to take care of the operation of the 
so-called well-water system separate and distinct from the distri- 
bution system. Unfortunately the preliminary tentative percent- 
ages determined upon for apportioning the income among the three 
funds provided by law were not modified as is contemplated under 
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the statutes, and an excessive balance was built up in the sinking 
fund and a large liability shown for sums due the electric utility in 
the operation and maintenance fund. The Public Service Com- 
mission was not consulted relative to modifying the percentages or 
in clearing up the discrepancies and in the absence of any rate case 
being inaugurated had no knowledge of the irregular situation until 
the utility proposed to default on the first certificates which matured 
in 1932. This matter is now in process of settlement, through an 
investigation instituted on motion of the Commission. 

The utility officials’ chief argument for failure to meet the mort- 


gage certificate obligations was that the cost of operating the well- 
water system, due to the iron content in the supply, was so much 
in excess of the estimated cost that it could not work the proposition 
out. 
yvilevhety 
PLEDGE ORDER INSTALLMENT PLAN 


Prior to the enactment of legislation in 1931, which provided for 
a definite scheme of financing additions and improvements by pledg- 
ing, assigning or otherwise hypothecating the net earnings or profits 
derived from the operation of the utility, a number of utilities pur- 
chased equipment under a plan whereby they issued a certain number 
of pledge orders payable one a month for a fixed period. In most 
of these cases there were 72 pledge orders issued, thus extending the 
payments over a six year period. In every case each payment 
covered a fixed proportion of the principal and a fixed proportion 
of the interest. That is, instead of a diminishing interest payment, 
as the principal was retired, the total interest requirements on a 
monthly decreasing principal basis were equalized throughout the 
life of the pledge orders. 

There are few water utilities that have taken advantage of this 
method of financing. Many municipally owned electric utilities, 
however, have issued pledge orders for several hundred thousand 
dollars worth of equipment, none of which have been defaulted on 
to date. Similar provisions under which these pledge orders have 
been issued are in force in several states and have been sustained 
in the courts. These decisions draw a clear distinction between 
contracts involving a lien on the property of the municipal utility 
and contracts calling only for a lien on future profits. 

It appears possible for a water utility to purchase equipment on 
the option payment or deferred payment plan in accordance with 
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subsection (3) of Section 67.03, Wisconsin Statutes. This seetioy 
provides that deferred payments upon a municipal contract shal] 
not be considered as part of the five percent debt of the municipality, 
“if the contract expressly provides immunity for the municipality 
from all liability arising from such contract to make such payment,” 
No instances are recalled where water utilities took advantage of 
this method of financing. ; 

There appears to be no question but that equipment purchased | 
by a water utility on a deferred payment basis or through the iggy. | 
ance of pledge orders will be a contingent asset if set up on the books 
of the utility. However, it is believed advisable that the contrag; 
cost be placed on the books as an asset, offset by the total pledge 
orders issued or accounts payable. As orders are paid the pledge 
order liability is gradually eliminated and the contingent asset js 
gradually changed into a fixed asset through such payments. 

To illustrate the manner in which the Public Service Commission 
contemplates a municipal water department will handle its accounts 
and still provide for the interest and principal on pledge orders, the 
following data are presented, based on an examination of the records 
of a plant operating in a city of 2,000 population. 


Year Ended August 31, 1932 9496 


Expenses: 
Distribution, commercial and general 
» 
Allowance for local 1,104.00 
unit Retirement (dep.) expense................... 3,682.08 
4 Total operating 11, 264.49 


oil The above operating income is available for payment of principal 
of pledge orders amounting to $6,228.00 per year and interest on 
pledge orders totalling $1,136.52 and still leaves a surplus of $1,091.99. 
In fact, if rates were revised so that the income was reduced, but 
still ea available a reasonable return on the total investment, 
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and this available balance was insufficient to cover interest and 
pledge orders maturing, the city, as nominal owner of the utility, 
could use the local tax allowance to aid in paying the obligations, 
securing thereby a credit to the City Equity account on the utility’s 
books in lieu of the tax money. 

Occasionally there is something approaching a security issue in 
financing the small additions to plant. In Stevens Point, for ex- 
ample, in financing extensions through special assessments or cus- 
tomer contributions, use has been made of liens against the property 
as security for the payment of the amounts assessed or to be con- 
tributed. In that connection it may be well to point out the ac- 
counting regulations of the Commission with respect to setting up 
in the accounts these methods of financing the smaller additions to 
distribution plant. 1 
noc falls rock orcthes 
1% 

In accounting for special assessments or for customers contri- 
butions, the Public Service Commission has provided for a special 
account in its uniform classification of accounts. All payments, 
donations or contributions made by customers are shown as a 
liability on the books of the utility. If such contributions are re- 
fundable it is a common practice to break down the balance into 
those that it appears will remain permanently on the books and 
those that will be eventually cleared. 

At Stevens Point, for example, it appeared that inasmuch as the 
“liens”? (these are discussed in detail later) and amounts advanced 
by customers must be returned or paid back to them under the 
agreements signed, the liabilities represented by such advances were 
shown on the books as follows: 


CUSTOMERS’ CONTRIBUTIONS 


Amounts paid by the city and refundable, to be credited to ‘‘Advances 
from City”’ 

Amounts paid by the city not refundable, to be credited to “City Equity’’ 

Amounts paid by customers or liens used to raise funds, to be credited to 
“Long Term Debt-Misc. Obligations’’ 

Amounts paid by customers not refundable—Credited to ‘““Customers Con- 
tributions’”’ and refundable—credited to ‘Customers Contributions 
Refundable”’ 


Im several instances the Commission, after formal investigation, 
has ordered utilities to make water main extensions where the utility 
had on file an extension rule or plan whereb 
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extend service under ordinary conditions. Due either to financial 
stringency or to the fact that only a few customers would be served 
by the extension, some scheme had to be worked out so that those 
benefiting would carry the cost. Ua 
DIRECT APPROPRIATIONS FROM THE MUNICIPALITY 

While not involving the issuance of securities, direct appropri- 
ations from the municipality deserve brief mention, from the ac. 
counting standpoint, this being one of the ordinary methods of 
raising capital for additions and improvements. 

Equity (of the city) as defined by the Public Service Commission 
for accounting purposes, represents that interest in payment for 
which the municipality has made an actual appropriation or appro- 
priations out of funds belonging to the municipality as a general 
administrative body and for which it will not be called upon again 
in any manner or form to meet any obligations incurred in con- 
nection with the acquiring of its title in the utility property. 

If increased ownership in the water utility is not to be acquired 
as outlined herein from other sources, the general fund of the munici- 
_ pality must pay in cash. During 1931 and 1932 many water utilities 
extended water mains as relief projects. In Algoma, for example, 
mains were laid employing workers who were paid by the utility 
principally in orders on merchants for groceries, wearing apparel, 
fuel, ete. In view of the fact that the water department earned only 
about two percent on the book value the amount available from 
income for plant additions was meager. The City therefore appro- 
priated certain funds not only to cover the normal cost of the mains 
 Jaid but the excess cost incurred due to the inefficiency arising from 
employing an untrained construction crew and principally hand 
labor. For funds advanced by the city for this work, it was given 
credit in the “City Equity”? account on the books of the water 
department. Of the total original cost of existing water works 
property on Dec. 31, 1932 amounting to $124,476.36 the ‘City 
Equity” account shows only $76,942.70, with no bonds outstanding. 

Of the 283 public water systems in Wisconsin, all but the largest 
municipal water utility in the state and the smallest municipally 
owned water utilities set up as an annual expense an allowance for 
local taxes (and by local is meant general municipal and school 
taxes, excluding state and county) the same as do privately-owned 
water utilities. In the majority of cases these taxes are paid by the 
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utility to the city the same as by any other taxpayer. There are 
instances, however, when the utility’s need of funds for new con- 
struction is so urgent that the city foregoes the collection of this 
local tax from the municipal water utility and the funds which 
would normally be paid to the city for these taxes are used for ad- 
ditions and improvements. In such cases the city is given credit 


Dri- for this money in the City Equity account. The result is that the 
ac- city purchases a further equity in the plant by paying the tax money 
of to which it is entitled, for construction purposes. 

Many of the larger cities such as Milwaukee, Racine, Kenosha, 
ion have for many years financed the additions and improvements of 
for their municipal water utilities from current income. “OAT 
r0- 109° aed 
ral FINANCING ADDITIONS FROM CURRENT INCOME : 

‘in While the financing of minor additions out of current income 
n- does not, of course, involve the issuance of securities, it is a fre- 
quently used method, and should be noted in passing. 
ed The advantages of financing construction expenditures from 
si current earnings were summed up by Mr. L. R. Howson in an ad- 
es dress before the Wisconsin Section of the American Water Works 

e, _ Association at Appleton, Wisconsin, Oct. 11, 1932, as follows: 

iy 1. It obviates delays incident to the failure of bond issues. 

1, 2. If the rates and construction policy are carefully codrdinated, 
ly it provides the funds when needed. 

n 3. It distributes most uniformly, the construction expenditures 
)- and, therefore, equalizes the payments by the consumers. Con- 
iS struction from current earnings obviates the bulges in fixed charges 
n incident to the flotation of bond issues. ‘ 
d 4. It does not periodically focus the attention of the users upon | 
n costs rather than service. 

r Mr. Howson stated in his paper that the principal objection to 
S financing water works improvements from current earnings is that 
y the existence of a water works fund, even though specifically set 
aside in reserve for construction purposes, is a temptation to di- 
q version of the water works revenues to the support of other city 
- departments. That this is true is illustrated by the situation which 


_ existed in Sheboygan some years ago. 
The water department had accumulated funds which it was pro- 
posed eventually to use in constructing a new pumping station and 
| - filter plant. The common council attempted to transfer these funds 
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to the general fund. The question was raised: has the couneil 
authority to make this transfer without the consent of the water 
commission? The matter was taken up with the Attorney General 
whose opinion was substantially as follows: 


“The answer to your question, therefore, seems to me to depend wholly on 
the manner in which the $40,000.00 fund was built up. If it was built up 
out of the income of the plant, then I am satisfied that the payment of the 
money into the general fund was illegal, under the facts stated by you, and 
that the municipal officers could be restrained by a court of equity from pay- 
ing it out for general city purposes, or could be compelled by mandamus to 

restore it to the water fund.”’ 


The Public Service Commission, in line with the above ruling, 
has consistently held that a municipal utility should not transfer 
its funds to the general fund, when such accumulations were im- 
minently required for replacements, additions and improvements, 
ete. It has, however, approved the making of temporary loans 
to the cities, such loans to be properly evidenced by negotiable 
instruments. 

Examination of the books and records of a large number of the 
smaller municipally owned water utilities discloses the fact that 
little if any so-called ‘‘overhead” cost has been included in fixed 
capital expenditures. Many cases have been noted where none of 
the Board of Water Commissioners’ compensation, the superin- 
tendent’s salary or store room expense, etc., is charged to new 
- construction, notwithstanding the fact that much time was devoted 
by these employees to supervising such construction. Other over- 
head items such as liability insurance, interest during construction 
— contingencies, etc., are very seldom charged to new construction in 
; the smaller plants, but to operating expense, unless an audit is 


made and adjustments outlined accordingly. 
Jale moawoedl wilt 
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TAX EXEMPTIONS TO MUNICIPAL UTILITIES | 


By Cuarves J. TOBIN 


(Member American Bar Association, Former Counsel to New York 
State Tax Commission, Albany, N. Y.) 


Chief Justice John Marshall of the Supreme Court of the United 
States more than a hundred years ago stated the principle correctly 
as to privately owned and municipally owned (government) business, 
when he said: 


It is, we think a sound principle that when a government becomes a partner 
in any trading company it divests itself, so far as concerns the transactions 
of that company, of its sovereign character and takes that of a private citizen. 


While Chief Justice Marshall was talking then about trading 
companies the principle applies to water companies, gas and electric 
companies and railroad corporations. It is conceded that, the taxes 
of public utility companies, including water companies, have increased 
faster during the past 10 years than any other item in operating 
cost and so that taxation each year is more disturbingly affecting the 
operating cost of the private company as against the municipally 
owned operating utilities. 

Only within the past few years has any progress been made in 
causing the municipally operated utility to pay any taxes. 

The State of Oregon was the first state to cause public utilities 
to pay taxes as those privately owned. This statute was passed in 
1931. An effort has been made to change the constitution of Cali- 
fornia to permit the taxation of municipally owned utilities and the 
people of the State of Washington have agitated for a number of 
years that the policy of exemption on publicly owned utilities should 
be abandoned. The complaint was that other tax payers in these 
States will be compelled to pay taxes that should be borne by cities 
owning the utilities. 

While it is difficult to obtain very much in the way of figures 
showing how much exemption from taxation means in money to the 
munic 
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All of this is especially true where a municipality is f 


conservatively estimated that the privately owned utilities are pres. 
ently paying 500 million dollars per annum in taxes as against meager 
contribution on the part of the municipally owned utility. In Ney 
York State taxes paid by gas, electric and water companies are esti. 
mated at 38 million dollars per annum or about ten cents out of 
every dollar of sales. Some figures might be put together to show 
the effect of taxes in the operating cost of the publicly owned and 
privately owned utility, but we have not as yet made sufficient prog. 
ress to gather figures that are worth while and I do not think we need 
any figures to prove the injustice of continuing the policy of the 
publicly owned utility being entirely exempt from taxes, when j 
openly competes with the privately owned utility. 

The persons that consume the service are the same body of people 
that must pay the taxes, but it is by no means true that the extent 
to which particular persons use the service is the measure of the 
contributions that make the revenues for the support of government, 
Even if all taxation were direct, and were, in fact as well as theory, 
levied proportionally upon property or income without exemptions 
of any description, it would be certain that all taxpayers would not 
use the services of the utilities in proportion to the amount of their 
property or income. When we consider that direct taxation is not 
necessarily proportional, either in theory or in actual operation, and 
that exemptions are both numerous and important, it becomes evi- 
dent that the assumed identity of interest between consumers and 
tax payers does not exist. With services local in scope the case is 
even stronger, since many taxpayers are likely to be non-residents, 
while the service may be used extensively by persons who are em- 
ployed in one locality during the day, but have their domicile else- 
where. What identity of interest in this matter can there be between 
the taxpayers of a large city and the army of suburbanites using the 
local transportation facilities or between commuters to a city supply- 
ing water through a municipally owned utility in which city they 
are daily employed and water furnished by a privately owned com- 
pany in the city or village in which they reside and have their homes? 

Since the interest of taxpayers and consumers are not identical, 
it follows that exception of utilities from taxation confers a special 
benefit upon consumers at the expense of taxpayers; and by similar 
reasoning it follows that the imposition of special taxes upon private 
companies relieves the taxpayers at the expense of the consumers. 
urnishing a 
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utility service and making no contribution in taxes as a part of its 
operating cost. 

Equality should be the controlling principle in governmental 
affairs, and in no instance is it more necessary than in the matter of 
taxation. Absolute equality, of course, may be difficult and even 
impossible of attainment; equality of taxation, however, must be 
real and not merely formal. 

On the other hand, you find the municipality stating that the 
municipality being an arm of the government, no part of its business 
should be subject to taxation; that privately owned utilities operate 
for private profit while the municipally owned utility operates for 
the benefit of the general public; that privately owned public utilities ad 
have been favored in the past to get started and it is only fair that ie 
like consideration be given to the municipally owned utilities; that = all 
the tax free municipally owned utility by lower rates induces the 
building of homes, attracts industry and thus increases taxable 
wealth. 

Taking up these propositions in the order stated I would say that 
municipalities in the United States have a definite place in our 
form of government. For government to carry on business as well 
as the usual functions of government is not the accepted theory of 
good government in this country. I believe there is a clear line of 
distinction in what a government should do in and of itself and where 
it crosses the border line and carries on business in competition with 
individuals when business is so conducted by government it should 
subject itself to the same conditions and the same exactions in the 
way of taxes and other burdens as “‘that of a private citizen.” } 

As to the second proposition, that a municipally owned utility 4 
operates for the benefit of the general public, I believe I have fairly 
well answered that proposition in this paper. 

As to the third argument, that the privately owned utility has ‘it 
favored in the past and that it is only fair that the municipally 
owned one should be given like consideration at the present time, _ 
this statement was in part true some 50 years ago when public utilities’ 
first came into existence, but since that time states have instituted 
regulatory commissions which from time to time have reduced or 
almost entirely eliminated in the fixing of rates any benefits that the. 
companies might have received from the municipalities when they 
were first organized. 

As to the last argument, that municipally owned utilities attract. 
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industry and thus increase tangible wealth, this can likewise be said 
of the privately owned utilities. Like any other business, if they 
do not expand their activities, both in territory and kind of servieg 
given, they soon retire from the field to the more enterprising concern 
or one that is interested in opening up new sections and bringing new 
industries to their territory and thus doing all those things that the 
municipally owned utility could do. 

One of the clearest ways to attack the problem is to discuss one 
tax as an example of the present inequality in operating cost between 
the publicly owned utilities and the municipally owned utilities, 
This tax is the so-called franchise tax. 


I8 THE FRANCHISE TAX 


_ The franchise tax is a tax upon the right to use the streets, high- 
ways and public places and, in the case of public service corporations, 
it is a tax upon the right to use them for service to the public. As 
this right originally belongs to the whole community and as every 
citizen is interested in it, not according to the amount of property 
which he happens to own, but according to the use which he makes 
of that utility, it is evident that a franchise tax enforces a burden 
upon the user in order that property owners in general may be re- 
lieved. In other words, a franchise tax requires the user of water, 
the passenger upon a street railway, the consumer of gas or electricity 
and the telephone subscriber, to pay to the support of government a 
sum directly proportional to the extent of their use of those services. 
If every citizen used these services in direct proportion to his “‘ability 
to pay,” or to the property he owns or to any other standard which 
may be considered just for the purposes of taxation, the injury would 
be merely theoretical, and not of real interest. On the contrary, 
every one knows that the use of these public utilities, especially in 
cities, usually bears little relation to individual income or property 
owned. Consequently, every dollar that is taken from public service 
corporations for the support of government is likely to be taken 
from those who are least able to pay. 

Where the municipally owned utility pays no franchise or other 
taxes the injustice, inequality and unfairness of burden are more 
definite and conclusive. 

Our Public Service Commission in New York has recently dealt 
with this subject in an opinion written by Commissioner Burritt 
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be able to compare with other municipalities what the electric service as pro-— ; 
vided by the city is costing them, all items of expense, including adequate de- 
preciation of the plant, should be included to show the consumers’ exact com- _ 
parable costs. Even though the law, as interpreted by the court, does not E* : 
require that taxes be paid or an inbeveat return made upon the money invested 
which is not directly provided by the city, these items should be shown in 
order that exact comparable costs may be seen. Moreover, taxpayers are not _ 
always users of ...., and even where they are, they do not necessarily use — 
the service in the same proportion that they pay taxes orrent. Itistherefore _ 
equitable and important that all the costs of .... be determined andcharged 
directly to the users rather than to the taxes ers. In the same way itisim- — 


portant to point out to citizens that there is a certain loss of taxes due to municipal — 4 Z ie ‘és 


ownership which would accrue to the city if the utility were privately owned and 7 a 
operated. 
There is a decided drift toward obtaining some kind of equality in 
taxes for the publicly owned utility that is competing with the 
municipally owned (government) utility. In many states the exemp- 
tion granted to the municipally owned utility is restricted to its 
physical or tangible property situated in its own tax district. 

There are at present three approaches to this very important oa 
osition. The first is to petition regulatory commissions in the mak- — 
ing of rates for municipally owned utilities to set up a i 
amount of taxes in their operating expenses to that which would be 
paid if the utility were operated by a group of private citizens; the 
second is to stress before legislative bodies and civil associations the _ 
justice in causing all tangible property presently used in the business 
of conducting municipal utilities to pay ad valorem taxes on such | 
property; and lastly, to inform the citizens generally of the unfair 
ness and inequalities in the rates for service of municipally owned 
utilities which do not take into account the important item of taxes. 
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pares PIPE YARD FACILITIES IN CHICAGO | Av 
ia By WiLuiAM WEIGEL 


f (Junior Engineer, Water Pipe Extension Division, Chicago, Ill, 


The Pipe Yards and Stores Section is a branch of the Water Pipe 
Extension Division of the Bureau of Engineering, and is charged with 
the responsibility of directing the activities incident to receiving cast 
iron pipe, special castings, valves and other materials and supplies 
necessary to the construction of water mains and their repair and 
maintenance. 

The proper functioning of a large city water system requires that 
due consideration be given to the arrangement of storage yards, 
buildings and facilities for handling supplies, especially the heavier 
sizes of pipe and castings and the more cumbersome equipment, so 
that the methods used may result in maximum efficiency and conform 
to standards of economy best adapted to the operating of the water 
system. 

Delays in delivery of materials or equipment may result in idleness 
of foremen and mechanics, crews of laborers and costly equipment 
engaged in construction or repair work. A poor system for handling 
stock, inadequate space or a disorganized delivery and return system 
may often cause vexation and lack of coéperation, or be used as the 
reason for evading responsibility when proper effort has not been made 
in promptly carrying out orders. It may also result in financial 
discrepancies in accounting. Disappearance of materials may occur 
due to knowledge of employees or others of lax or defective stock 
accounting methods. 

The system of stock handling and accounting in Chicago is con- 
sidered to be a very good one, inasmuch as it is the development over 
a long period of years of the knowledge and experience gained by 
many different employees and officials under varying conditions. 

The present distribution system organization is served by five 
main storage yards known respectively as A, B, C, D and G, located 
at convenient points in the City area for efficient receiving and 
delivering, all except one being served by railway switch tracks. All 
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are adjacent to pumping stations or other City properties. This is 
an advantage to the City generally since it is better to have its many 
properties at as few locations as possible rather than to have many 
widely scattered small parcels of lands and buildings. It also permits 
cheaper deliveries of coal and other supplies by lower freight or truck 
charges in many cases, as supplies can be ordered and delivered in 
larger quatities at a few instead of many locations. Watching serv- 
ice may be diminished in amount and cost, and easy and quick com- 
munication between Water Pipe Extension forces and pumping station 
operators is facilitated in emergencies such as breaks in large mains, 
shutdown of pumps, and other service interruptions. 

Cast iron pipe and special castings, from 4 to 54 inches in diameter, 
are unloaded from railroad cars at the various yards by means of 
eranes. Skids of wood or steel, with wooden blocks, are often used 
in the yard or field where pipes are loaded on or unloaded from 
trucks. No large pipes are permitted to be dropped from the trucks 
upon the ground or keg mats, and if a crane is not available they may 
be lowered by means of skids and rope hitch. Experienced inspectors 
examine all pipe and castings received and see that it is handled with 
the required degree of care. 

Yard A is located at Avers and Wabansia Avenues, a short distance 
from and on the same piece of land as the Springfield Avenue Pumping 
Station, and is under the supervision of aforeman. It is the yard for 
the North District forces and is served by the Chicago, Milwaukee 
St. Paul and Pacific Railroad, has a switch tracks capacity of five 
cars and is equipped with two 13 ton stiff leg derricks each having I- 
beam and trolley arm. Offices of the District Engineer and District 
Superintendent are located there. 

Yard B is located at 3150 South Sacramento Avenue and is under 
the supervision of a foreman. It is used for storing the large quan- 
tities of pipes, castings, hydrants, valves and other materials ordered 
early each year by contract for the coming season’s work. This yard 
has ample space and the other yards are usually supplied from it with 
the materials for pipe laying and repairs to the system, deliveries from 
the other yards to the field jobs being made by motor trucks. It is 
the main yard for the entire Division as well as for the Central Dis- 
trict forces,and is served by the Chicago & Illinois Western Railroad, 
has a switch track capacity of twenty cars and is equipped with one 
2-ton and one 5-ton stiff leg derricks, each with I-beam and trolley 
arm, and one 20-ton overhead traveling electric crane. Offices of the 
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Meter Division of the Bureau of Engineering and of the Garage 
Section and Meter Testing and Control Sub-section of the Water 
Pipe Extension Division are also located at 3150 South Sacramento 
Avenue. 

Yard C is located at 75th Street and Western Avenue, and is under 
the supervision of a foreman. It is the main yard for the South Dis. 
trict forces. This yard is served by the Baltimore & Ohio Chicago 
Terminal Railroad, has a switch track capcaity of five cars and ig 
equipped with two 13-ton stiff leg derricks each with I-beam and 
trolley arm. A stock of Class ‘‘H”’ pipe and castings are kept at Yard 
C to take care of any emergency requirements of the two high pressure 
systems of mains, one of which is located in the South Chieago in- 
dustrial section and the other in the lumber district on the West Side. 
all other pipe and castings used being Class “B.” 

Yard D is located at 2352 South Ashland Avenue adjacent to the 
22nd Street Pumping Station and other City property, and is under 
the supervision of a foreman. This yard has a switch track capacity 
of three cars and is equipped with two 2-ton stiff leg derricks each 
with I-beam and trolley arm. Part of the ground space and a building 
are used by the Machinery Sub-section of the Division for storing 
(during the winter months) the trenching machines, cranes, air com- 
pressors and other large pieces of equipment. These machines are 
overhauled each year at this yard after the construction season is 
over. The building is used as a shop in connection with the over- 
hauling as well as a storage for the machines. Offices of the Central 
District Engineer, Central District Superintendent, Plumbing Shop 
and Tapping Section are located adjacent to this yard. 

Yard G is located at 73rd Street, Vincennes and Wentworth 
Avenues, and is under the supervision of the South District Superin- 
tendent. It is an emergency yard for the South District forces, and 
is equipped with a 1}-ton stiff leg derrick. Offices of the District 
Engineer and District Superintendent are located there. 

A complete supply of materials, tools and equipment is on hand 
to serve construction and maintenance forces in each of the district 
yards. Sand, cement and brick are kept on hand at all yards in 
quantities sufficient to take care of immediate requirements. Cement, 
lead, working tools and supplies are kept in sheds, while the pipe, 
special castings and other materials are stored out in the open. The 
total amount of stock on hand at any time in the yards is never 
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allowed to exceed one-half year’s requirement for the Water Pipe 
Extension Division’s work. 

The Garage Section of the Division maintains an office and garage 
at Yard B, 3150 South Sacramento Avenue, where the Division’s 
motor trucks are maintained and stored. The Garage Section oper- 
ates an automobile messenger service between the various head- 
quarters offices and yards of the Division, and between the pumping 
stations and other branches of the Bureau of Engineering. 

The Meter Division, which directs the receiving, testing, repairing 
and setting in service of meters, is a separate division of the bureau 
of Engineering, and maintains an office and shop in one of the build- 
ings at Yard B, 3150 South Sacramento Avenue. 

The Plumbing Shop of the Water Pipe Extension Division occupies 
rooms in the building at Yard D, 2352 South Ashland Avenue, where 
service pipe and drinking fountain materials are stored and made up 
for use in the field. The Plumbing Section performs a great variety 
of work for the various City departments and the Divisions of the 
Bureau of Engineering in the way of plumbing installations and re- 
pairs. It also installs all drinking fountains placed in service by 
order of the City Council for the convenience of the public throughout 
the City. 

A storeroom in the basement of the City Hall, Washington and La © 
Salle Streets, just below the offices of the Bureau of Water, which | 
collects all water rates, is located conveniently for plumbing contrac- — 
tors who call at the City Hall to take out permits and purchase ma-_ 
terials for service pipe installations. t 

Plans and specifications for pipe, hydrants and valves, tools, 
materials and equipment are kept in the Engineering Section’s main 
office files where they are available for ready reference in ordering 
for stock or revising design, 
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In the early history of the city, the transportation of water from 


A MODERN SYSTEM OF BILLING AND ACCOUNTING IN 
"THE CHICAGO BUREAU OF WATER” 

o 

Terminal Rei By H. L. MEeErres 


(Superintendent of Water, Chicago, Ill.) 


te 


The growth and development of the City of Chicago, which has 
been phenomenal, can be traced, in a large measure, to water. 

It is well known that the available water supply determines the 
limit for the possible urban population of any specific locality, 
Chicago is indeed fortunate that her location on the shores of Lake 
Michigan gives her an unlimited supply of pure water. 

From the struggling village of less than two hundred, which 
clustered around old Fort Dearborn for protection, has grown the 
present metropolis of nearly four million souls, the second largest 
city in the western hemisphere and the fourth largest in the world. 
The City of Chicago presents one of the most remarkable develop- 
ments of any community in history. What tomorrow may bring 
to the city, only the future can determine. Judging by the past, 
however, it seems difficult to assign a limit to its advancement. So 
rapid has been its growth—with such gigantic strides has it moved 
onward in its career—that prophecy in indeed a fruitless task. 

Lake Michigan has indeed been like a fairy godmother to Chicago’s 
growth—but in the beginning of the city it was distrusted. The 
first settlers of Chicago were New Englanders. To them it was in- 
conceivable that lake water could be good water, for in their original 
homes drinking water always came from wells. So we find that the 
first attempt of record to provide a public water supply occurred 
in 1834, when the Board of Trustees paid $95.50 for the digging of a 
well at what is now the intersection of Cass Street and Michigan Ave- 
nue. The supply of water from this, and other wells, must have 
been inadequate, for the inhabitants conquered their aversion to 
Lake Michigan water, and soon a thriving business was being carried 
on by private individuals in supplying lake water in barrels, trans- 
ported by ox-carts. 


f 
7 
| 
3 
1 
- 
13 
pu 
>, 
i 
: > 
ne 
a 1720 
6 | 


VOL. 25, NO. 12] SYSTEM OF BILLING AND ACCOUNTING 1721 


Lake Michigan to the homes of the citizens was a comparatively 
simple matter. But as the city rapidly developed into a great cos- 
mopolitan community, with large and varied industries, the problems 
connected with the coliection and distribution of palatable water 
became more complicated, and a water supply system of greater mag- 
nitude and extent was required to meet the growing needs. 

Very few knew of the hardships, the sacrifice of time and money, 
that was made by those who laid the foundation of the present great 
system of cribs, tunnels, pumping stations, distributing mains, and 
the model filtration plant. The average citizen who turns the faucet 
to get a glass of clear, pure, health-giving water does not realize what 
all of this meant, either in the outlay of money, or in human energy 
and resourcefulness. The water supply system of the City of Chicago 
delivers nearly a thousand million gallons of water per day, and at 
the lowest cost of any city in the civilized world. 

The water system includes six existing lake cribs, one new crib 
about to be completed, eleven pumping stations, seventy miles of 
tunnels, and approximately 3200 miles of water mains. In the year 
1931 this system pumped approximately 312 billion gallons of water, 
or about 388 gallons per day for each man, woman or child resident 
in this great city. 


THE BUREAU OF WATER 


The Bureau of Water is the accounting and collecting division of 
the Chicago waterworks system. When I assumed the duties of 
Superintendent of the Bureau of Water in June, 1931, I found that | 
its billing and accounting system, installed more than thirty-five ae: 
years previous—was in vogue. The records were kept in huge bound rap. re 
ledgers—and the chief reliance was on sheer manpower. It was i 
necessarily slow, laborious, inefficient, and tremendously costly. 

It was absolutely necessary that costs in the Bureau be radically 
reduced, as the city’s financial difficulties were just then becoming 
especially virulent. The budget of the Bureau, which had increased 
year after year without letup, simply had to be considerably trimmed. 

The problem was rendered more difficult by the fact that in Chicago 
we have two systems of charging. About 25 percent of the connec- 
tions are metered, while the remaining 75 percent are still charged on 
the old frontage basis. Since the metering program is going steadily 
on, provision had to be made for constant change-over. The work 
was further complicated by the fact that delinquencies were just 
beginning to become a real problem. 
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_ | have made a comprehensive and systematic study of ‘customers 
accounting”’ used by large utilities throughout the country, to de. 
termine, in the light of conditions existing in the Bureau of Water, 
what system would best operate here. Armed with the facts which | 
gained from these studies, I submitted them to Colonel A. A. Sprague, 
the Commissioner of Public Works, and to the Finance Committee 
of the City Council. 

Realizing that there would be a substantial cost attached to in- 
stalling an entirely new method of handling about 450,000 accounts, 
I began a systematic saving of expenditures from the budget of the 
Bureau, and was successful, during the first six and one half months 
of my incumbency, in saving the sum of $112,000. Colonel Sprague 
suggested to the Finance Committee that the money thus saved be 
used to purchase the new billing and accounting machinery, addresso- 
graph equipment, and the remodelling the equipping of the office. 
This suggestion was heartily approved by the late Mayor, A. J. Cer- 
mak and the Finance Committee. 

In order to have a clear conception of our new system of billing 
and accounting, it is necessary to get a picture of the conditions 
prevailing in the Bureau of Water under the old, so that the proper 
comparison can be made. 

THE OLD SYSTEM 

The Boston System was used. It consisted of bulky, cumbersome 
ledgers, heavily bound, weighing between 50 and 60 pounds each. 
The assessed rate or frontage accounts were billed twice a year, while 
the meter accounts were billed monthly, bi-monthly, or quarterly. 
Since the books were bound, and the changes were being made from 
the assessed rates to the meter rates constantly, it was impossible to 
keep the meter rates indexes in any sort of satisfactory manner. 

Under the system in vogue in the Bureau for many years, all work, 
with the exception of the meter rate bills and the cash proof, was by 
hand. Each year the books were closed in April and held closed 
until after May Ist, so as to gain balances and proofs. In the case 
of the frontage rates the proof of the billing was secured only by the 
annual transcript of items balanced against divisional assessment 
ledgers, by wards, and the proof of the posting of the cash and dis- 
count, our books carrying the liability on the gross only, was secured 
by hand posting from the cash stubs, and back posting from the 
cashier’s proof sheets. In the meter rates, the same method was 
employed, except that the transcribing was done monthly. 
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The ledgers were ruled for a four year period, and the rewriting of 
450,000 accounts, the transferring of balances, and the assessed rate 
information, and their checking, was indeed a tremendous task. 
Since the books were bound, not even the addresses could be put in 
by the addressograph, but had to be written in. This tremendous 
task was done on an “overtime” basis since the books were used con- 
stantly during the day. _ In addition, this overtime was considered 
“gravy” by the employes, and many were the devices used to prolong 
it. 

After the transcription was completed, it was necessary to check 
the work for correctness. The cost of the transcription, in previous 
years, which had always been done on overtime, was as follows: _ 


It must also be remembered that the balancing of the books took 
several months, often as much as a year, and was a costly procedure. 

Bills were sent out at irregular intervals. No one could tell when 
the next bill was to be expected, nor whether it would be for a one, 
two, or three month period. é 

The assessed rate ledgers carried thirteen accounts on each page, 
which were all transcribed into the new books, including the accounts 
that had, in the meantime, been metered. Thus was carried on the 
ledgers tens of thousands of ‘‘dead accounts” for many years, which 
had been on the original sheets, and were seemingly thus to go on 
forever. 

It would be reasonable to expect that the mammoth books carrying 
the assessed rates would grow fewer and fewer as accounts were being 
metered and transferred to the meter books. But the system used 
in the Bureau was such that exactly the same number of accounts 
would have to be headed up whether there were one thousand or four 
hundred thousand assessed rates accounts. 

To the credit of the old system it must be stated that during the 
35 years of its operation in the Bureau, not a breath of scandal was 
attached to it to the extent of a single dollar, though it handled hun- 
dreds of millions of dollars during that time. True, the system was 
costly, slow, and cumbersome, but it worked nevertheless in its own 
fashion. 

Modernization almost always meets with opposition, and our work 
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in the bureau had, I think, more than its share. There was a loud 
outery of letting well enough alone, and many, who had grown up 
with the work, felt it almost a sacrilege to interfere. Yet when the 
decision was finally made there was, I am happy to state, whole. 
hearted codperation on the part of all concerned. 

be OUR NEW SYSTEM 

_ After a careful study of various customer accounting systems in 
vogue, it was determined that the ledger system, using Burroughs 
machines, was most adequate for the problems to be solved in the 
Bureau of Water. While certain operations may be slightly slower 
than in other systems, its over-all operation is as fast as that of any 
other system, and the records left behind are probably the most sub- 
stantial and comprehensive of any. 

All billing under this system is handled on Burroughs Billing 
Machines of the latest type, which makes the bill and voucher stub and 
posts the ledger record, all original, in one single operation, automati- 
cally prove on each line of entry the consumption as extended from the 
meter readings, prove the extension of the gross, discount and net, 
carries running sectional totals of all of these, plus one of back tax 
which re-controls each ledger at the time of billing, and the machine 
makes a complete journal abstract of every entry. It also lists on 
the ledger, in a complete automatic operation, the date of the last 
reading, the gross billing and the date of the bill, plus carrying the 
consecutive number of the voucher in the particular section which is 
being billed, which aids in the location of a lost or strayed voucher. 

All cash posting is handled on Burroughs Cash Posting and Control 
Machine with front feed, and all cash posting is balanced and proven 
against the cashiers the day following the date of payment. Under 
this new accounting system in this office, all bills expire on working 
days and are all equalized so as to create an even flow of work during 
the entire year. This is true in both meter and assessed rate divi- 
sions. All of the schedules are predicated on Monday, Tuesday, 
Wednesday, Thursday and Friday, with regular holidays deleted, and 
no regular schedule covering Saturday half days, these being left 
open for unscheduled work. Under this arrangement the Bureau of 
Water mails daily, five days in the week, with holidays deleted, ap- 
proximately 7,800 bills, these expiring on working days, not including 
Saturdays or holidays, 20 days later. This has so effectively equalized 
the work that such variations as the collection, in 1931, of $780,000 
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from the assessed rates in one month, and of $35,000 in the following 
month, have been entirely eliminated. 

The accounting was set up on ledgers due to the exigencies of our 
procedure, the state statute and the municipal code making it im- 
possible to function without a continuity record of each account. 
In the case of the assessed rate billing the machines are so constructed 
as to prove the work of changing of assessments due to the annual 
inspection of properties by the assessors, so that any errors made by 
the clerks or by the billers would automatically stop the functioning 
of the machine, and in so doing we are automatically securing an ab- 
stract, cross-proven against our controls, so that since the installation 
of mechanical accounting we are in balance every hour of every day. 
This necessitates the carrying of 4,500 individual controlling balances 
from which we post the machine totals to our general ledger, and are 
in position to make up the many annual reports demanded of this 
bureau on a moment’s notice, and in an incredibly short space of 
time. 

To aid in the installation of this new and modern system in the 
Bureau of Water, the Burroughs people assigned to us the services 
of one of their experts, Mr. R. E. Bell, who gave to this installation 
his wholehearted coéperation and years of training and experience, 
and who has labored zealously and systematically to overcome the 
many obstacles that have arisen to the successful functioning of what 
we hope will be a model of its kind. While there is yet considerable 
work to be done, it has thus far proven its definite merits. 

One of our gravest difficulties lay in the fact that the bound ledgers, 
both in the meter and assessed rates, had to be rewritten at the same 
time, having been used up by the end of December, 1931. So that 
instead of making a change gradually and experimenting with smaller 
blocks of accounts, it was necessary to make the whole shift at one 
time, and on extremely short notice. New forms had to be designed, 
special binders constructed, etc. It was determined that the city 
metering program would probably be completed in about ten years, 
and so the ledger sheet for the assessed rates, which are billed only 
twice a year, was made on a ten year basis. In the meter rates, which 
are billed so much more frequently, the cards will carry an account for 
three years. Our billing machinery was so constructed by the 
Burroughs people as to be interchangeable on the billing of either the 
assessed rate or the meter rate accounts. => doidw 
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At the same time that the new billing and accounting ‘mac inery 
was installed, it was determined to completely change the ancient 
addressograph plates and equipment. The entire addressograph 
room was enlarged and modernized, with new graphotype equipment, 
ates, and locking cabinets. 
The Bureau of Water purchased a class 3720 addressograph, which 
_ prints and addresses the bill, from a roll of paper, at one operation, 
_ with educational messages printed on the reverse side. Discount 
expiration dates, division numbers, serial numbers for sorting—all 
are printed at one time. 
The job of addressing 450,000 new addressograph plates was in 
itself a tremendous task, but was speedily accomplished in our own 
office under the direction of representatives of the Addressograph 
’ Company. They also trained several employs of the Bureau how to 
handle the big 3720 machine, so that perfect production goes on con- 
_ stantly, without interruption. Supplies of bills and meter reading 
“slips are prepared days in advance according to schedule. 
- With the change of the paper roll, which is easily accomplished, 
the 3720 prints the assessed rate bill on colored paper, which distin- 
_ guishes them easily from the meter bills, which are printed on white 
"paper, thus materially aiding in the sorting and cash posting. The 
-men handling them now can see as a glance just where they belong 
a and the kind of bills they are. 
__ The addressograph division in the Chicago Bureau of Water is 
today a marvel of speed and accuracy, besides being operated at a 
substantial saving. 


After the resignation of Colonel Sprague as Commissioner, he was 
succeeded by Mr. Oscar E. Hewitt. A veteran newspaper man, Mr. 
Hewitt brought to the office a vast experience gained during his many 
years of contact with the city government, as well as during his 
services as Deputy Commissioner of Public Works under a previous: 
administration. 

Commissioner Hewitt gave his wholehearted approval and coépera- 
tion to the installation of the new system of billing and accounting 
which is now in progress. Commissioner Hewitt has consistently. 
aided the Bureau of Water in its modernization program, and in the 
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securing of needed equipment. We believe that, when this work is cele 


completed, it will be the equal of the very best of similar installations — 
in the country. 
With a meterization program in the offing, as Chicago is at present oe 


only about 25 percent metered, when tens of thousands of meters — 


= 


will be installed during the years to come, the Bureau of Water ay ; 


envisioned all that in its set-up and can easily absorb the steady 
influx of these new meters without much, if any, additional — < 
equipment. | 
Mayor Edward J. Kelly is closely following the program of the late _ : 
Mayor Cermak, by giving Commissioner Hewitt carte blanche in 
the modernization of the accounting system of the Bureau of Water, ae 7 Af 
so that our task is thereby made easier and our speed more rapid. — 
I am looking back with a great deal of pride to the accomplishments _ 
and the progress made in the Bureau of Water during the past year— _ 


the most trying in its history—and feel happy in the thought that I } nyt toa 7 


have contributed, in a humble measure, to that development which — 
marks a new era in the Bureau of Water and is destined to have far- _ 
reaching and beneficent results for the citizens of Chicago in the 
years to come, not only by increased efficiency but by eran fee 
fait 19! Had Saad} 7 00! ot OS 
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ay) SYMPOSIUM ON CEMENT LINED WATER MAINS 
vhgata, dre ile 
By Leonarp P. Woop 


(Designing Engineer, Board of Water Supply, New York, N. Y.) 

By ree the first riveted wrought-iron pipe was laid by the Spring 
Valley Water Company for San Francisco in 1862 there have been 
two outstanding developments in plate-metal water pipes, fusion 
welding and really effective linings. Since the first 12-foot lengths of 
cast-iron pipe were poured in vertical moulds and dipped in Dr. An- 
gus Smith’s coal-tar varnish for the Brooklyn water works in 1858 
there have been two outstanding developments in cast-iron water 
pipes, centrifugal casting and really effective linings. The revolu- 
tionary changes in manufacturing processes have reduced the cost of 
water pipe lines only a few per cent, but the better linings have in- 
creased the sustained carrying capacity for tuberculating waters by 
20 to 100 percent. Of these better linings no other can yet show as 
long and successful a service record as cement. In one or another 
kind of water works pipe, cement linings have been in continuous use 
since the first cement-lined sheet-iron pipe was laid in Jersey City, 
N. J., in 1845. 

That the coal-tar dips used on cast-iron pipes since 1849 in England 
and since 1858 in the United States have, notwithstanding occasional 
exceptions, generally failed to permanently prevent tuberculation is 
too well known to require discussion. That the many and various 
paints and dips used on plate-metal wrought-iron and steel pipes 
almost from their inception have, again notwithstanding occasional 
exceptions, generally failed to permanently prevent tuberculation is 
also well known. In both cases published gagings and the recognized 
pipe flow tables testify to the progressive loss of carrying capacity. 
While these tables indicate an average loss of capacity for cast-iron 
pipes of something like 25 percent in 20 years there are many pub- 
lished instances of much more rapid and serious loss of capacity, even 
as much as the 20 percent in 3 years reported in Charleston, §. C., by 
James E. Gibson. Some Ww aters there undoubtedly are that do not 
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cause material tuberculation, but the number of systems previously — 
thought immune, in which tuberculation is found to have caused im- as 
portant loss of carrying capacity is increasing year by year. 

Among the obvious consequences of reduction in carrying capacity — 
by tuberculation are inadequate distribution pressures, insufficient _ 
fire flow, the necessity of replacing or paralleling mains, or of adding _ 
reinforcing feeders to the distribution system, or of repeated cleaning, — 
and increased pumping costs, not only because of the higher head to ; 
be pumped against, but because that head may greatly exceed that ‘ — 
for which the pumps are designed and are most efficient. Whilethe 
weakening of the pipe structure by the interior corrosion which causes 
tuberculation is generally much less important than the loss of carry- 
ing capacity, it is nevertheless a real factor which is commonly recog- 
nized by an arbitrary addition to the thickness of the metal. fi 

It has often been said, and can well be repeated, that the sole pur- | : 
pose of an investment in a water main is to carry water. To the | os 
extent that a pipe line loses its original carrying capacity by tubercu- 
lation, the investment in the pipe line, including laying and all inci- R> 4 
dental costs, is lost. It matters little that the pipe asastructuremay 
last 100 years if it will carry but three quarters of its original capacity 
after 10 to 20 years, half its original capacity after 25 to 50 years. > 
For the purpose for which the investment was made, the pipe line, __ 
unless it can be reconditioned and its carrying capacity restored, is : = 
worth three quarters or one half, as the case may be, of its original — 
value. This is being recognized by the appraisers for the buyer in the 
purchase of water works plants, by courts and commissions in con- _ 
demnation awards, and by public regulatory commissions in fixing the _ 
rate base. 

Summarizing the effect of tuberculation, it not only impairs service 
and increases operating costs, but it reduces the capital value of a 
plant and may reduce permitted rates and gross income. 

While cement linings have been used in water pipes for nearly 90 | 
years they have been used in large plate-steel pipes for only about 20 
years. In the design and construction of the Catskill aqueduct the 
maximum of permanence and dependability were sought. In 1908. 
Thomas H. Wiggin, then Designing Engineer, recommended lining the — 
6 miles of 9 feet 6 inches and 11 feet 3 inches, steel-pipe siphons with 
portland cement mortar and jacketing them with concrete, and, by 
large scale tests, he demonstrated the feasibility of placing such lin- 
ings. The first pipe in each siphon was laid and lined during 1910 to 
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1913 and put in service in 1914 and 1915. The second and third 
pipes in each siphon were similarly lined and jacketed and put in 
service in 1923 and 1924. These linings were 2-inches thick over the 
inner plate, 1¢ inches over the button-head rivets of lap joints, 2 inch 
or more over the flattened rivets of the heaviest butt-strap joints, 
A reinforced concrete pipe with j-inch steel waterstop 12.6: feet 
diameter, lined with j-inch of mortar plastered on wire mesh, had 
been built across the Rio Sosa in Spain in 1905, but these Catskill 
aqueduct pipes are believed to have been the first large cement-mortar 
lined steel pipes, at least the first built in America. 

These first pipes were lined in place. Within the last few years 
fusion-welded steel pipes, up to at least 60 inches diameter, have been 
mortar lined, sometimes jacketed with reinforced mortar or gunite, 
at the fabricating shop, and shipped to the job and handled much like 
unlined pipe. There is no apparent reason why much larger sizes 
cannot be so handled, avoiding the delays of lining and jacketing in 
the field. 

While the mortar linings reduced the net diameter of Catskill 
aqueduct pipes by 4 inches, the lined and concrete-jacketed pipes cost 
no more initially than unlined dip-coated pipes of equal ultimate 
capacity, allowing for the effect of fouling in both cases and for tuber- 
culation of the unlined pipes; and considering the longer life to be 
expected, the mortar-lined and concrete-jacketed pipes figured much 
cheaper. 

The average Williams-Hazen coefficient of the first 14 pipes when 
new has been given as about 142, Chezy about 160, Kutter’s n about 
0.011 at a velocity of 8.2 feet per second. The conditions were not 
favorable to accurate gagings and these values are only approximate. 
No recent gagings are available, but the coefficients after fouling are 
probably about 10 to 20 percent lower, Kutter’s n probably 0.012 to 
0.014, depending upon the nearness of the several siphons to the in- 
take and to a point of chlorination, and the amount of fouling. (This 
fouling, which is chiefly a deposit of manganese dioxide, is not limited 
to surfaces of mortar and concrete, but occurs about equally on nearly 
all observed surfaces including glazed tile, and asphalt, coal-tar pitch 
and various other paints, the copper alloys being relatively immune.) 
At the last inspection there was no sign of tuberculation or rust and 
the linings were in perfect condition except for microscopic cracks re- 
sulting from shrinkage before the pipes were put in service and a 
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In the field of cast-iron pipe, many operators and engineers had 
talked about the poor quality and inadequacy of tar coatings and the = 
rapid loss of carrying capacity of their pipes, but to James E. Gibson _ 
belongs the honor of doing something about it. Familiar with the old 
cement-lined sheet-iron water pipe formerly laid in great quantities 
by the American Pipe and Construction Company, which showed no — 
loss of carrying capacity after many years, having in Charlestona __ 
corrosive soil, and having a very corrosive water which reduced the _ 
capacity of new tar-coated mains about 20 percent in 3 years, he 
combined the proven durability of cement pipe linings with the proven 
durability of cast iron in his corrosive soil. In 1922 he laid 10 miles 


American Cast Iron Pipe Company. ‘This is the first cement-lined — 
cast-iron pipe, so far as known, made in America. In England it was i: 
developed independently at about the same time. 

The use of cement and other improved linings in cast-iron pipe has 
steadily increased since 1922. In 1930 and 1931, the last approxi- 
mately normal years, the larger manufacturers lined, with cement 
mortar or bituminous enamel, from 6 to 13 percent of the water pipe 
they produced. 

Cement linings, if not too thin, completely prevent tuberculation. 
Many cement-lined service pipes in use in New England for 40 or 50 
years have been found entirely free from tubercles except at unpro- 
tected fittings. ‘The cement-lined sheet-iron pipes so much used in 
the Atlantic coast states in the latter half of the last century and 
later, failed and went out of use because of poor design, inherent weak- — 
ness of the thin stove-pipe shell, joint trouble, difficulty of tapping, 
rust from the outside, or faulty workmanship and unwise economy in 
cement; the interior of well-made pipes did not tuberculate and the 
carrying capacity remained unimpaired, although some were in use 
for more than 50 years. These were natural cement linings. The 
portland cement linings in the Catskill aqueduct siphons have per- 
fectly protected the steel for 18 years, and an experimental lining }- 
inch thick is giving perfect protection and is in excellent condition after 
17 years. Well made cement linings of adequate thickness completely 
prevent tuberculation, whether the iron is derived from the pipe or 
precipitated by iron-fixing bacteria from the water; and they com- 
pletely protect the inside of the pipe from structural injury by corro- 
sion and pitting. 

_ kxeept for cast-iron pipe there is as yet no standardization of 
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cement linings, each engineer or manufacturer setting up his owp 
standard for thickness, cement, mortar mixture, and methods of lip. 
ing, curing, etc. The American Standards Association’s Sectional 
Committee A-21, on Specifications for Cast-Iron Pipe, through a gub. 
committee under the Chairmanship first of James E. Gibson and later 
of E. O. Sweet, has adopted a tentative specification which has beep 
in increasingly general use since 1929. This tentative specification 
was published in THE Journat of April, 1932; it was frankly prelimin. 
ary as befitted a new and changing art; it will be revised and strength. 
ened as experience warrants. Much of the discussion to follow wil] 
deal with experience with cast-iron pipe linings made under this 
specification or with the thinner linings previously applied. It jg 
hoped, however, that there will be full discussion of cement lining for 
steel pipes. 

The thickness of a cement lining must obviously be sufficient to 
prevent tuberculation over a very long period, preferably throughout 
the useful life of the pipe. It must be sufficient to allow for unavoid- 
able irregularities in the metal. It must also be sufficient to support 
the lining as an arch if, due to initial shrinkage of the mortar, handling, 
exposure to the weather, or other causes, the lining separates from the 
metal, as it sometimes does, especially in the larger pipes. 

There have been wide differences in practice with respect to thick- 
ness of cement linings. The cement-lined service pipes increasingly 
used in New England since about 1874 have been lined, in the 1- to 
3-inch sizes, with about {-inch of neat cement, at first natural cement, 
more recently portland more or less modified. The old cement-lined 
sheet-iron pipe had linings of about 3- to ?-inch in the more common 
sizes. Many of these linings were of mortar, but the best were of 
neat natural cement. 

The linings of shop lined steel-plate pipes must furnish not only 
protection but enough stiffness to prevent cracking in shipment and 
laying and under earth loads in the trench. While there is no stand- 
ard for steel pipe, linings for 12-inch pipes are about ,5,- to 3-inch and 
for 24-inch pipes about 3- to ?-inch; a 60-inch pipe with 2-inch lining 
and no jacket has been successfully shop-lined, transported and laid. 
When the pipe is stiffened with a reinforced mortar or gunite jacket 
the linings are made thinner. 

For cast-iron pipe the early American practice was an average of 
;/;-inch with a plus or minus tolerance of ,',-inch, giving a minimum 
of »,-inch. Although a rich mix was used, experience soon showed 
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this to be too thin. The Tentative Specification requires a minimum 
of 2-inch for pipe up to 12 inches, ,4,-inch from 14 to 24 inches. The 
committee is now considering a minimum of 4-inch for 30 to 48-inch 
pipe. A plus tolerance of §-inch is now allowed on all sizes of pipe, 
but no minus tolerance. English practice in the cement lining of 
cast-iron pipes has always been to use heavier linings of leaner mix, 
about 34-inch for pipe less than 12 inch, 3-inch for pipe 12- to 16-inch, 
and }-inch for larger pipe, all about double the present American 
thicknesses. 

American pipe founders have been reluctant to increase lining 
thicknesses in cast-iron pipe because of the greater difficulty of con- 
trolling shrinkage, separation from the pipe, and cracking with the 
thicker linings. They are apparently overcoming this difficulty. 
Some purchasers also have objected to thicker linings on the score of 
reduced waterway. As a matter of fact, because of the permanent 
smoothness of cement linings, a 4-inch cast-iron pipe with cement lin- 
ing of the present standard thickness, and 6-inch or larger pipes with 
linings of even double the present thickness, will deliver more water 
with the same loss of head than unlined pipe in which tuberculation 
has reduced the Williams and Hazen coefficient to the very moderate 
figure of 100. In the Catskill aqueduct siphons inserting a 2-inch 
lining made it possible to actually reduce the diameters of the riveted 
steel shells about one foot. There is, then, little justification for de- _ 
manding a thin lining for a slight gain in area if this involves the risk _ 
of shorter life, earlier tuberculation, and a much smaller ultimate __ 
capacity. 

One of the topics scheduled for discussion is the solubility of cement 
linings. All common hydraulic cements contain lime which, even 
when combined with silica, alumina and iron, as in cement, is slightly 
soluble in water. The alkalies, always present in small amounts, are 
also soluble. Consequently with certain soft waters new cement- 
lined pipes, particularly in dead ends, tend to make the water harder 
and more alkaline and sometimes cause complaints. 

In cement-mortar pipe linings the rate of solution rapidly dimin- 
ishes, but if the water is corrosive to calcium carbonate the solution 
of the lime probably never entirely stops until, if the lining is suffi- 
ciently thin, the lime is all leached out. Often, as reported by Bay- 
lis, Carson and Chappell, the lime is replaced by iron oxide forming a — 
dense and more or less impermeable membrane within the lining and 
prolonging its useful life, but Langenberg, Linderman and Reddick 
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find that this does not always occur. Positive 100 percent protection 
of the pipe and prevention of tuberculation are assured only go long 
as the lime remains and keeps the water in the pore spaces of the lip. 
ing strongly alkaline. The thicker the lining the longer the lime wij] 
last and the longer the lining will give 100 per cent protection. 

There are, then, three reasons for trying to reduce the solubility 
of cement pipe-linings: elimination of the occasional complaints of 
hard water from new lines; prolonging the effective life of linings of 
the present thicknesses; and eliminating the necessity of using thicker 
linings for the more corrosive waters if the long life reasonably to be 
expected from cement linings is to be attained. The problem is being 
attacked in several ways, by the development of special cements of 
low solubility of which Mr. Chappell will speak, by the selection of 
the least soluble of the commercial cements which vary greatly in 
solubility, by admixtures in the mortar, by producing linings of maxi- 
mum density throughout, by special precautions in manufacturing 
and curing, and by sealing the surface of the cement lining witha 
bituminous paint or dip as required by Mr. Brush. 

In closing, just a word respecting the last topic scheduled for dis- 
cussion, exterior coating. Whatever value an exterior coating may 
have, no thin paint of any kind should be expected to give appreciable 
protection against a corrosive soil. The cooperative investigation of 
pipe coatings for the outside protection of buried pipe lines, being 
conducted jointly by the Bureau of Standards, the American Petrol- 
eum Institute, the American Gas Association and the coating manu- 
facturers, has shown conclusively that only thick, strong coatings 


— earefully applied and protected from mechanical injury are effective 


against soil corrosion. wero 
RESULTS OBTAINED 


Mr. T. H. Wiaarn (New York, N. Y.): My experience with cast- 
iron pipe lined with cement goes back to 1927 when I first became 
connected with the Federal Water Service Company and since then I 
have prescribed it, as the chief engineer of those companies, for almost 
all of them. There are about 100 of them and at least 90 of them are 
now using cement lining and most of them have been since 1928. 

I have used from the beginning a thicker lining than that which is 
ordinarily specified. For example, I never use anything less than 


_ }-inch for the smaller pipe, ;°, and 3 for the larger pipe, for instance, 
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The coefficients for those pipes have been determined, new, in 
several instances; they give results from 135 to 145 in the Hazen and 
Williams’ formula. Unfortunately, I have not been able to carry out 
my program to re-test some of those mains. I hope to in the future, 
but I have had reports on them from each of the districts, with com- 
panies in Oregon, Washington, California, Illinois, Ohio, West Vir- 
ginia, New York, Pennsylvania and Alabama. I had reports from 
all those except in Alabama, and I have not talked with them recently 
there. But in no case has there been any report of a change in the 
condition of the lining since they were put in, with the exception of a 
plant in Ohio where it was reported that very often slime had been 
noticed on the interior where the pipe had been opened. That slime 
is to be expected in that particular case because the pipe is a 30-inch 
pipe, close to the reservoir from which it gets its supply and I would 
naturally expect some accumulation of slime. 

I have every reason to believe that in the great majority of those 
plants the coefficient will still run above 130. 

The cast-iron pipes are not so lined, just tar-coated. We have had 
a great many tests and in the aggregate they show results that run 
anywhere from 45 in one case to 130-135 in another. The average, 
even in the better waters will be around 95to 105. In the more corro- 
sive waters, they are likely to drop to 60 or so. 

The one case I have where the coefficients held up is in the vicinity 
of Syracuse where the water has an alkalinity of about 110 and the 
hardness about the same. That pipe which has been in since 1907 
has still a coefficient from 125 to 135, showing the most kindly water 
I have ever had any experience with. Some other waters in that 
same region which are reputed to be not hostile to pipe have shown 
coefficients down to 100. 

We can not emphasize too strongly the economic value of a lining 
of cement or other equivalent material in cast iron pipe. We have 
frequently been able to demonstrate it by very simple economic com- 
putations and furthermore it gives you some idea of what you are 
doing. In other words, with a cast iron pipe not so lined, you may 
guess the coefficient will be 100, 90, 80, 70, or 60, but you can not 
know and therefore your design is very uncertain. With a cement- 
lined pipe you can reasonably expect 130 and design for it with some 
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Mr. James E. Gipson (Charleston, 8. C.): My attention wag first 
brought to the excessive losses in cast iron pipe due to tuberculation 
about 1907, at which time I had occasion, with others, to make g 
valuation of a plant in New York State. The question of the de. 
preciated value of the piping system arose, which led to a discussion 
of the loss in carrying capacity of the mains. Tests made indicated 
that 6-inch pipe had a carrying capacity less than that ordinarily 
ascribed to new 4-inch pipe, and 8-inch less than 6-inch; these maing 
varied in age from twenty to thirty years. I was then employed jp 
the engineering department of the American Pipe & Construction 
Company of Philadelphia who were owners and operators of the 
Springfield Consolidated Water Company. We had used for years q 
cement-lined wrought iron pipe manufactured under the Phipps pa- 
tent. This pipe is well known to all of you. As a result of our ex. 
perience on the valuation work, we ran a series of tests on the Spring. 
field system using the cement-lined Phipps pipe as manufactured by 
the American Pipe & Construction Company and standard cast iron 
pipe, the system having both types of pipe in use. The water was a 
filtered water of excellent quality, hardness about 25 to 30 p.p.m. 
Tests showed that the cast iron pipe had materially deteriorated in 
carrying capacity, whereas the cement-lined wrought iron shell pipe 
of similar age, in every instance tested, had maintained its carrying 
capacity. The ages of the mains tested were from 25 to 30 years. 

In 1917 I came to Charleston and we found that the pipe system 
was very much tuberculated. This was just after we entered the 
war and the demand for water was increasing, so steps were taken to 
clean a number of the principal mains in the system. Tests were 
made before and after cleaning to show the improvement obtained. 
Later, a third series of tests was made, and to our chagrin we found 
that the beneficial results of the cleaning had been lost in a relatively 
short time. 

In 1922 an extensive program of pipe laying was undertaken, par- 
ticularly in the newly developed portions where temporary mains 
only had been laid. It was then that I began to consider the results 
obtained on the cement-lined mains in the Springfield Water Com- 
pany’s system and took up with the American Cast Iron Pipe Com- 
pany of Birmingham, Alabama, the matter of lining cast-iron pipe 
with cement mortar. The Company, through Messrs. Moore, Ivy 
and Carson, was very much interested, and as a result we purchased 
some ten miles or more of cement-lined cast-iron pipe. The first 
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pipe was lined by the projectile method which was that “ nt all 

of the pipe manufacturers making the wrought iron cement-lined — 

pipe. Later on the Company, through experimentation, developed | 

the centrifugal process of lining. ang 
In the fall of 1922 we completed the laying of three miles of 16- et 

inch main lined by the projectile process with approximately ;%,-inch _ 

of natural cement of the Louisville Cement Company’s manufacture. | 

Before our order for this pipe was completed, however, the cement 

plant burned down and a portion of the pipe was lined with a mix- 

ture of natural cement and a cement plaster preparation. The fin- 


. jshed inside dimension of the pipe was 15 3 inches. A flow test made 


in December of that year, with velocities in the main from 0.9 to as 
high as two feet per second gave an average value of “C”’ in Hazen’s © 

& Williams’ formula, of 135. Tests made a year later, on the same _ 
pipe line, with velocities in the main varying from 0.9 to 2.44 feet per _ 
second, gave average value of “C” of 128. Quantities and velocities _ 
were measured by use of pitometer and manometer using piezometric _ 
tubes to connect the points of observation. The length of pipe © 
tested was 500 feet and included a 16-inch gate valve and one 16 by 


16-inch cross. 


It will be noted that there was a slight falling off in value of os | 
in the last test; we are, however, of the opinion that the tests made ; 
in 1923 were not as accurate as the former tests, for in the first case 
the pipe had just been put into service and there was a minimum of © 
draft on the line; whereas in the later tests, 1923, there was consider- 
able draft and the fluctuations in the Pitot tube introduced unavoid- 


half years later, with velocities in the main varying from 1.67 to as 
high as 4.21 feet per second gave an average value of “C” of 145. 
Recently, and since this paper was scheduled, we made another series 
of tests embracing twenty-four tests at velocities ranging from aslow 
as 0.93 to as high as 4.85 feet per second, each test covering half — = | 
minute observations for periods as long as fifteen minutes. In te ae 


tests of May, 1930, all consumption in the line was isolated and the 


; - quantity of water or flow was obtained by blowing off through a blow- | 


off valve. In the 1933 tests in addition to measurement by Pitot — 


tube, one series was carried out measuring the water through an 8- | 

_ inch crest type meter. The agreement between the meter and the 
Pitot tube was, with one exception, within 2 percent, and for the ex- 
| ception the variation was 3.7 percent. The average value of “CO” 
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obtained was 139, which is slightly higher than the value obtained jy 
1922, and materially higher than that obtained in 1923, and 4 per cent 
below the value obtained in May, 1930. 

These results demonstrate conclusively that the cement-lining of 
east iron pipe is warranted. This line of pipe has been in service 
now for ten years under known conditions of tuberculation and dur. 
ing this time its carrying capacity has not fallen off; further, with its 
smaller diameter, 153 inches, its carrying capacity is greater than 
standard 16-inch pipe. 

We have had an opportunity where breaks have occurred, or where 
large taps have been made using the Smith tapping machine, to ex- 
i amine the interior of the pipe and so far as we have been able to 
observe the interior of the pipe is perfectly free from any tubercula- 
tion or incrustation. ‘The cement-lining has changed in color from a 
«3 gray to a brownish-gray, and there seems to be a small amount of 

organic matter adhering to the cement. This organic matter, when 


=, 


~~ e removed, leaves a more or less rough surface, not quite so smooth ag 
*. 3 when pipe was first laid. There seems to be no deterioration or dis- 
solving out of the ingredients of the cement. 
As before stated this pipe was lined with pure natural cement by 
_ the projectile process. All pipe is now lined with Portland cement 
with a percentage of sand by spinning the pipe on revolving trunnions 
and placing the cement by using a combination of centrifugal force 
and troweling. 

As a matter of information, we have made a test on a piece of 8- 
inch pipe recently laid, lined by this latter process. A straight section 
of pipe 400 feet long was tested, velocities in the main ranging from 
‘1.88 to 2.66 feet per second. The coefficients ranged from 146 mini- 

mum to as high as 155 maximum. The average was 153. This line 
a has been in service only a few weeks and at time of laying had a very 
7s _ smooth porcelain-like interior. Similar lines laid previously have 
shown, upon examination, that this smoothness disappears with use, 
a leaving a lining of a pebbly effect, something like the outside surface 


of egg shell. 
a. With our water which is of a peaty nature, filtered by rapid sand 
filters, with sulphate of alumina as coagulant, and containing about 
0.2 to 0.5 p.p.m. of iron, we find that the light grayish color of the 
cement changes in time to a drab brown, and there is usually a film of 
organic matter formed on the cement. Our observations of the ce- 
“a — ment-lined pipe, based on a little over ten years of use, indicate to us 
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at least that the fear of the ultimate dissolving of the cement-lining is 
much overrated. 7 
When we first began to line cast-iron pipe we used entirely too thin 
a lining and did not cover many of the pinnacles of iron protruding 
through the lining. Whenever this occurred tubercles formed and | 


in time no doubt would have completely covered the pipe. Theprac- = 
tice now is to run an emery wheel on a flexible shaft through each | 
pipe, grinding off all pinnacles before lining; and further, the lining _ 
has been increased in thickness from a minimum of ,',-inch with a 
plus or minus tolerance of ,',-inch, to §-inch with a plus tolerance of _ 
1.inch for pipe from 4- to 12-inch, inclusive, and to .’,-inch with a_ 
plus tolerance of 3-inch for pipe from 16- to 24-inch, inclusive. With > 
these thicknesses and the good workmanship that is now being edion ; 


out by all of the pipe foundries, we are satisfied that ample protection 
is given the pipe. . 
The cost of lining is a very small percentage of the total cost of the _ 
pipe laid in the system, and as the efficiency of the plant depends upon _ 
the mains maintaining their carrying capacity, we feel that no one is _ 
justified today in laying pipe without a lining, either of cement ia 
some other form that will prolong its carrying capacity indefinitely. ‘ 


Mr. F. R. Berry (New York, N. Y.): We have been using cement Ge 
lined pipe almost exclusively at our various plants for several years 
past in the entire group of plants of the American Water Works and 7 
Electric Company. At some of the plants we have used cement- 
lined pipe for about six years. In order to get some reasonably accur- 
ate information in reference to cement-lined pipe, we periodically . 
have samples cut from the older pipe to note its condition. In one 

instance, there was some evidence of leaching of the cement which _- 
left a surface similar to a very fine sandpaper. In every other m 
stance the cement lining seems to be as good as when installed, and 
there has been absolutely no evidence of any organic growth in the i 
pipe. 
As far as I am advised we have not had any experience with er oy 
me forming i in cement- lined pipe, although this “ee has been in 


may happen in the future. 


Mr. Sweet (Birmingham, Ala.): The remarks following are based 
on my experience at Birmingham, Alabama, where cement lined pipe _ 
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was first installed during the latter part of 1925 and used exclusively as 
since the original installation. 


Excellent results have been obtained as evidenced by the entire 
lack of tuberculation in any cement lines pipes so far examined. 

Thickness of linings varies from ;, in the earlier installations to 1 
inch in latter installations for sizes up to 24-inch. 

We make it a practice to examine cement lined pipe whenever 
cutting in a fitting. Pieces taken out when making a machine cut are 
also brought in for inspection. 

No tuberculation on the surface of the lining has ever been found 
in well over 100 interior inspections. No spauling off of the lining 
has ever been observed. No tuberculation about the corporation 
stop has ever been found showing the lining is still affording protec- 
tion even when drilled through. 

Lining as thin as ;’s-inch has been found in excellent condition on 
sizes 8- and 16-inch after five years in service. 

No loose spots or check cracking of the lining have ever been found 
after the pipe line has been in service. 

No tuberculation of the inner pipe wall has ever been found where 
the cement lining has been removed from pieces of pipe taken out of 
the line. 

Six hundred feet of 16-inch pipe with }-inch lining was removed 
after three years service, the lining being found good and smooth, no 
evidence of tuberculation, and was covered with a slick, thin, brown- 
ish colored gelatinous coating, near the spigot ends of some pipe, the 

lining being only ;;-inch thick. 

But one case has been found where it is thought that there was 
evidence of the leaching of the lime in the cement, and in this case the 
lining was ,2,-inch minus in thickness and the surface of the lining did 
not have the appearance of having been troweled or floated. The 
form of the sand grains was partly revealed. The sample was from 
a 16-inch pipe which had been in service for two years and eight 
months. ‘The surface of the lining had the brownish color mentioned 
which penetrated to ;4,-inch. 

While admitting the period of observation has been relatively short, 
no reason has as yet been found for increasing the thickness of the 
- cement lining. Many examinations of 8-inch pipe with }-inch lining 
show complete protection after 3 to 6 years of service. 


> Mr. D. A. HerrerNnan, (Milton, Mass.): We have been using 
__ cement-lined pipe for about eight years, and the pipe has given very 
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satisfactory service. In cutting the material, cutting in gates and 
making taps for services, we have no trouble whatsoever, but there = 
is one observation I want to make and that is we found a little scoring — a 
in the cement lining. It followed the length of the pipe and I — a 
could account for it. 


Mr. Gipson: We made a test about a month ago of new 8-inch Re: 
pipe lined centrifugally, and we got one result as high as 165, but the 
average was about 154. I think it is about the highest test Ihave _ 
seen on cement-lined pipe. In that case we actually measured the _ 
water through a meter, so the result is, I think, absolutely correct. 


Mr. T. J. SKINKER, (St. Louis, Mo.): In St. Louis, we have been 
using cement lined pipe about three years. We ran a test not > oa 
long ago on a 20-inch line. The results were such on this test that 
I questioned it, and we are rechecking it. We got even a — 
coefficient than Mr. Gibson. Ours was around 180. I questioned 
that, and the retest had not been made when I left. eee 

CUTTING, TAPPING AND HANDLING CEMENT LINED PIPE binow ore 


Mr. Reeves J. Newsom (New York, N. Y.): I think it has a 
since 1925 when we were able to obtaiat cast iron pipe cement lined. 
The city of Lynn, Mass. had been using cement-lined service pipe 
for some time with very great satisfaction and was only too glad of { 
an opportunity to start using cement lined cast iron. 

Among the plants of the Community Water Service Company, of 
which there are forty odd, we used cement-lined mains in approxi- 
mately three quarters. The only exceptions are those that use well 
waters and hard surface waters in the limestone districts. 

I have recently made a canvass of the experience of the various 
managers, and find that it agrees pretty well with my personal obser- 
vation in earlier years. These men almost universally agree that 
there is little or no special handling required to preserve the lining in 
pipes after they have been received. The storing of the pipe is 
usually done just as though there were no lining and while some slight 
troubles have arisen from that in the way of excessive shrinkage, the 


r a amount of trouble has not been sufficient to justify special storing 
facilities. 


The pipe is cut with dog chisels, diamond points and wheel methods, 
without any particular difficulty. The break in the cement at the 
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oe cuts is variously described as from frayed up to a break, an extreme 
in ’ break, back a quarter of an inch. ce 
pie The tapping causes no particular difficulty and the only possible al 
a trouble may be where a tap goes into the middle of a section where ec 
- the lining has become loosened and it is entirely possible that the 
lining that remains in the pipe after a section has been taken out ti 
may be subject to some spalling or some may come out at a later time. ol 
We have had experience in having discs come out of the pipe with tl 
the tapping machine where the lining was evidently loosened before. m 
_ hand and the dises came out in a circle on the drill, although separate 1 
from the pipe. sl 
There seems to be a little more trouble in cutting large than small li 
pipe. That is probably due to the fact that harder blows must be 0 
struck to break the thicker pipe, and also that the areas are not so h 
well supported as the arch action is spread over a wider radius. _ t 
V 
Mr. Gipson: We have been using cement-lined pipe exclusively in t 
Charleston since the summer and fall of 1922. At first we handled I 
it with kid gloves, so to speak, fearing that jarring or hammering | 
would cause the cement lining to shell out and leave the pipe. Ex- ¢ 


_ perience, however, has taught us that this extreme care is unnecessary. 
We have used the ordinary form of cold cut and sledge hammer for { 
cutting the pipe, as well as the improved wheel type of cutters. We | 
find either process to be perfectly safe in handling. The wheel cutter, 
4 however, tends to cause the cement to break out further back into the 
pipe from the cut edge than it does with the use of the ordinary cold 
- cut cleaver and sledge. Just exactly why is hard to satisfactorily 
explain. 
We use the same form of tapping machine as used on the ordinary 
ee - tar-coated pipe. We find no difficulty in making taps and have 
noticed no material deterioration in the drill and tap. They seem to 
give about the same length of life as when used on ordinary tar- 
coated pipe. We often have inquiry as to the cement material pushed 
a off by the drilling stopping up meters, but we have never found a 
ot positive indication of a meter stoppage due to this ground-up cement. 
____ The cement-lined pipe is unloaded from the cars the same as ordi- 
.. nary tar-coated pipe; the only precaution we use (and this is good prac- 
_ tice with any pipe) is to insist upon the use of hickory or oak pipe 
sticks rather than steel bars. We have purchased standard pit cast 
pipe, deLavaud centrifugal cast pipe, and Monocast and Sandspua 
pipes, and have handled them all without increase of cost or breakage. 
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ame We have in a number of instances found hollow spots where the — 
cement-lining has separated from the pipe due probably to expansion _ 
and contraction caused from the sun’s rays. We experienced this 
condition in pipe of the earlier manufacture. 

We had for observation and inspection at the Philadelphia Conven- 
tion, May, 1922, rings cut from 6-inch pipe. These rings were about — oe 
one inch wide and showed the cement lining. A portion of one of © x 
these pipes about 4 to 6 inches long was in our office for a number of - 
months and one day when looking at it we found that the ring of ce- 
ment was apparently loose so that we could hear it move when we | 
shook it; however, we could not feel any movement of the cement- > 
lining. We immersed this piece of pipe in a bucket of water for a week — a 
or ten days when the cement-lining became tight and subsequently Pee: 
has never evidenced this looseness. From this we conclude that __ 

there must be some effervescent material from the water and lining a 

- which tends to fill up this space and cause the cement-lining to adhere _ 
to the pipe. We have had pipe in the yard for years—in fact, we - 
have some of the 16-inch pipe lined in 1922 still in our yard, andthe _ 
lining seems to be perfect and the pipe shows no indication of rusting 
tuberculation. 

We have noticed in many instances hair-line cracks or crazing of Ny 
the cement-lining, particularly the Portland cement-lining, but upon 
immersing the pipe in water and keeping it there for a few days, the _ 
cracks seem to close up and do not again open, although they are still 
visible under the microscope. 

Pipe that has been in use for a number of years, if taken up and 

the lining stripped from it, shows the cast-iron in a clean condition © 
the same as when first cast, demonstrating the preserving character-— 
istics of the cement. A segment cut out of the pipe where Smith taps - 
have been made shows a close and tenacious adhesion of the cement — 
to the pipe, even when the lining is relatively thin and this adhesion — 
persists for years as samples in our office will show. 

In conclusion, we can only say that our experience using cement- oe 
lined cast iron pipe has met our every expectation and that to _ | 


| none of the anticipated troubles or objections predicted have ma- 


Mr. Tuomas H. Wiaatn: I have observed personally in a goody 
many cases how the pipe cuts. I have also asked each of the local __ 
engineers to give me a report. They are all practically unanimous in ~ a 


their statements that there was no difficulty about cutting the pipe, 
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although some of them do report that it breaks back somewhat further 
than has already been mentioned. 

One of them says in some cases it broke back three-quarters of an 
inch, and in extreme cases, two inches, but most of them only a quar. 
ter of an inch. 

As to handling, they have not had any difficulty at all. 

As to storage, perhaps I might modify something. One of the 
districts reports that pipe stored in the yard has shown a tendency 
to separate at the ends and one of the men has given me a few samples 
of it, which I have in my possession now. His theory is that there jg 
a progressive rust beneath the ends of the lining and the lining which 
is left in the bells he has absolutely found to come out, due to some 
rust that takes place underneath it. | 

That is the only case I have known about of that kind, although I 
have myself seen some very slight indications of separation at the end 
where the lining is thinned down, due to the fact there was no collar 
in those particular pipes to keep up this thickness to the full extent, 

In every case it is reported that in wet taps the cement adheres 
and comes out with the piece of metal, and that the corporation cocks 
give no trouble in tapping. 


Mr. J. T. MacKenziz American Cast Iron Pipe Co., Birmingham, 
Ala.): I would like to ask you in the case of the lining breaking off 
back of the cut, is it the practice to point those areas up with cement 

and if so do they have any trouble with those added cement patches 
staying in place? 


Mr. Grsson: When we first began to use it, we insisted upon the 

laying gang having cement with them and making the repair in every 

- eut. We found some difficulty in that they would not take the 
trouble to wet the old cement, but just try to plaster fresh cement on 
to the old with the result that it soaked the water out of the new ce- 
: ment and we did not get a good job. 
After insisting upon that for a while, we found that the breakage 
back was so immaterial that we just let the thing slide, and did not 
make any effort at correction. 

If it does break back any great distance, I presume the men would 
_ diseard that cut, and get another piece of pipe. 


Mr. Newsom: Our practice is the same. We do not bother to 
repair the cuts because they are too small. 
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Mr. HerFeRNAN: I am just in a little doubt as to the method of = 
cutting the pipe. Mr. Gibson speaks about using the dog, the dia- Ts 
mond points and so on. In my experience with cement lined pipe, — 
we do not force the cutter all the way through. Wedonothaveto _ 
and we do not have fractures that these gentlemen talk about of { or 4 by 
one inch, but I think with certain makes of pipe that youhavetousea ; 
cutter to get perfect satisfaction. On sand spun pipe, you can use Soe 
your dog chisel. My own use of that pipe has given perfect satisfac- ne Bs a, 
tion, and it is surprising how the cement adheres to the metal. I ae 

would like an opinion from the members using cement lined pipe just 
what the custom is on deLavaud pipe. 


A Memser: None at all to speak of, Ihave not seen any separation 
f any lining. 

Mr. R. G. (Watertown, N. Y.): Iam a small town opera- 
tor from Watertown, New York. I have been using cement-lined, = 
sand spun pipe since about 1923 or 1924. One of the R.D. Wood | 
engineers tells me I am one of the earlier purchasers of sand spun pipe. ae 

I confirm this gentleman’s statement that the use of the wheel 
cutter does no damage to the lining. As far as deLavaud is con- 


cerned, I never turned any pipes inside out after they are put under- : 
ground, so I am not in a position to say. i 


q CHAIRMAN: Do you cut all the way through with the wheel cutter? os . 


Mr. YAXLEY: It is not necessary with the Ellis type cutter. It pe ; 


snaps off. 


CuarrMaN: Has anyone had a different experience? 


Mr. SkINKER: My experience is the same as that of Mr. Gibson. 


' CHAIRMAN: Do you use a wheel type cutter? 


_ Mr. Gipson: We use both the wheel type cutter and the regular 
old style cold cut, with a sledge hammer. ore 

We find, if anything, a tendency to break a little bit further back _ 
from the edge with the wheel than with the cold cutter. 
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cut uniformly whether it is the sand spun or the deLavaud pipe orthe 
centrifugal. Our cutters do not go larger than 8- or possibly 10-inch, 
Everything above that we use the cold cut with a sledge hammer. 


Mr. Wiccan: I think perhaps I gave Mr. Heffernan the wrong im. 
pression by mentioning the larger figures. They are not common, 
I mentioned the maximum figure that anybody ever had experienced, 
There was only one case that went back as much as 2 inches in one 
spot, but the bulk of them come within a } inch, and I have seen both 
the chisels and the wheel cutters used. 

In convassing reports of the various managers in our plants, | 
found there was a discrepancy in their experience. Some reported 
that they got a clean break without anything more than a frayed 
edge, and others reported breaks as far asa 4inch. I did not under. 
stand it at the time, but it seems to agree with the experience recited 


Weck: That is, ith wheel cutters? podit sortie Sq 


oy 
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Mr. Wiaatn: No, with ordinary cold cutters. 


Mr. L. A. Wirrrers (Kalamazoo, Mich.): Kalamazoo has installed 
several thousand feet from 16- to 24-inch. We have installed about 
8,000 of 24, and we used nothing but the cold cut, and we have had 
no bad experience. 


Mr. E. O. Swenr (Birmingham, Ala.): No difficulties have been 
experienced in cutting cement lined pipe. The lining has been found 
to break very evenly with the cut. 

No tuberculation about the shank of the corporation stop of a ce- 
ment lined pipe has been observed. 

In handling the pipe all sizes are roped off the trucks onto the 
ground. Sizes up to 16-inch are roped into the trench and sizes 
above 16-inch are placed in trench by pipe derrick. 

Long storage of cement lined pipe is not recommended especially 
for sizes above 12-inch, check cracking and loose spots increase while 
the pipe is in storage. This is true of the larger sizes. 

Sizes from 16-inch and up should be laid as soon as possible after 
the lining has taken a good set. 
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SEPARATION AND CRACKING OF LINING 


and of the We used a thicker ce- 
ment lining than most people, and probably have had a little more 
experience on that account from the point of view of being able to find 
out by hammering, but that does not give us any particular difficulty. __ 

It probably is the cause for some cracking a slightly greater dis- ees 
tance back in the case of the larger pipe, where I mentioned some of Stee 
the extreme cases. Sometimes it went back from ?- to a maximum of 
2-inches. That Pipe was a 30-inch line with 3 32-inch thickness 


ining were hinner. 

I have reports here from six different districts, and three of them 
report no separation, and others a very slight separation. But in se 
no case was there any trouble from them. =f 

When the Catskill Aqueduct was being built there was one siphon _ 
that was lined with gunite. That was a thick lining ina9Qfoot pipe, 
the lining varying from 1}, to 1? inches, in thickness. Thatlining 
cracked very badly due to the fact that they did too much trowel work 
on it in attempting to make it smooth. They did a lot of troweling : 
and made it a rich surface that cracked in a surprising way. After — 
the water was put in, it all came back and the cracks all healed up, 
and that siphon gave practically as good a coefficient as any other. ide 

As far as I know, it has never shown any worse coefficient than any 
other linings. On that account, I have never been particularly 
afraid of a small amount of looseness in the lining after it was de- 
livered, particuarly after it is stored in the hot sun for a while, because _ 

I felt confident that it would do what all cement structures do, swell — 
when soaked. 


Mr. W. R. Conarp (Burlington, N. J.): In discussing the subject 
of separation and cracking of cement linings in cast iron water mains, 
it should be borne in mind that with both users and manufacturers 
there have been and there are two lines of thought: 

(1) Those who believe in a mixture “rich’’ in cement and applica- 
tion of the same as a thin lining, and 

(2) Those who believe in a “lean’’ mix and application of a thick : 
lining. 
Speaking wholly in general terms the results are: 
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Under (1): The tendency of the rich mixture is to have a greater 
bond as between the iron and cement lining, although more of g 
tendency to develop cracking which is due largely to contraction. ]t 
is because of this that these linings are preferably thin as to crogg 
section. There is little tendency for such linings to spall in tapping 
and cutting, but the cleaning and preparation of the pipe for lining 
must be carefully performed to obtain a thorough bond. 

Under (2): The tendency of the leaner mixture is to not adhere so 
tenaciously (although this might be offset perhaps by applying a thin 
layer of grout before applying the main body of the lining), and a less 
tendency for the lining to check or crack. The leaner mix enables g 
heavier lining as the volume of shrinkage is less in proportion to 
thickness and due to the heavier cross section, and consequently 
getting closer to a self-supporting arch action, any lack of adhesion 
is not so noticeable as with a thin lining. 

The cleaning and preparation of the pipe should be fully as care- 
fully performed, although lack of this the same as with lack of ad- 
hesion is not as noticeable with the heavy lining. 

This lining of a lean mix and thicker cross section naturally tends 
to some breaking back in tapping, although I have not heard of any 
cases where it was sufficient to be objectionable. For cutting there 
should be no more tendency to break back than with a ‘‘thin rich” 
lining. 

The longer the curing of the lining under protected conditions 
from sun, wind and in a moderate humid atmosphere, the better the 
results of either a thin or thick, a rich or lean lining. 


Mr. Newsom: In general, our experience would confirm that which 
has already been mentioned. Separation of linings does not seem to 
occur except infrequently and nearly always is the result of storage 
in heat. Pipe that is strung along the trench and left in the hot sun 
develops some places where the lining is loose. After the pipe is put 
in service and becomes saturated, this disappears. Cracking of lin- 
ings in small sizes like 10-inch and under is rather rare, even if it is 
stored under ordinary circumstances. 

Larger pipes, 20- and 24-inches in diameter, have more of a tend- 
ency to crack, especially near the ends. The cracking of the lining 
of fittings is more severe than in pipe—that is especially true of the 
fitting linings that were done in the early days. 

There seems to be a considerable improvement in the amount of 
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(b) A lean mix (1-1 or leaner) causes a rough sandy lining. 


separation and cracking in the recent linings, and especially since the 
thickness of the linings has been made slightly greater. 

We have had discussion in connection with tuberculation forming in 
pipes due to the separation of linings, or cracks having formed, and _ 
the only tuberculation that has ever been observed has beeninsome =~ 
of the early linings where the linings were very thin and there were © os 
apparently some points of the iron not completely covered and tuber- Pao: 
cles formed at certain places. Under the tuberculation, there was 
no indication of any lining remaining at all. a 

That difficulty seems to be pretty well eliminated in the later — ae 
linings. 


Mr. D. B. Stokes United States Pipe & Foundry Co., Burlington, _ 
N. J.): The only difficulty we find in the cleaning of the pipe is, if _ 
any grease remains in the barrel, it will cause separation of the cement _ - 
lining, so we are very careful to use every effort to keep grease out of =” 
the barrel. 

I want to say that the comments I am making are purely our own © 
company’s experience, and are not supposed in any way to represent — 


the entire thought of the entire industry. aithay ten ars 
Adhesion, Separation and Cracking—Influence of: 
Cleaning and Preparation of Pipe: 


A (a) Grease in barrel may cause looseness of lining. 

(b) Surface as cast makes for better bonding than ground surface. — 

(c) Temperature of pipe should be held between maximum limits — 
of 40 and 90 degrees Fahrenheit. Under the direct rays of the sun, 
a black pipe may reach temperatures as high as 140 degrees Fahren- 
heit. Such temperatures may result in too rapid dehydration of 
water from the lining. Extremes in pipe temperature also will result 
in greater expansion or contraction after lining. 

2. Diameter: 

(a) These troubles very rarely encountered on sizes 12 inch and i . 
smaller. 

3. Thickness of Lining: 

(a) The thicker the lining, the longer the spinning periods should 
be. 

4, Mix: 


loose spots and shrinkage cracks. 
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i (c) On the average a 2 cement—1 sand mixture has been found to be 
most satisfactory. 


tribution should be used. 
5. Time in Mixer: 
(a) The batch should be mixed for a period of time sufficient to 


insure proper mixing. In our opinion, this time should be ten minutes 
at least. 


(b) Only sufficient mortar should be mixed for immediate require. 
tS 4 ments. Our specification calls for a maximum time in mixer of thirty 
minutes. The time in mixer and even the temperature of mixer and 
ss ingredients have a marked effect on the water content of the batch, 
6. Type of Cement: 
rag Best commercial results have been obtained with a standard grade 


: ati: of Portland cement. Cement must be kept dry. Best results are 
Obtained with a fine ground cement. When passed through a 200 
mesh sereen, not less than 9 percent nor more than 15 percent by 
weight shall be retained. 
7. Curing: 

In hot weather 14-inch pipe and smaller are kept wet down with 
_ ends capped, under cover for a period of 48 hours, 16-inch and larger 
pipe, 72 hours. 
ae Just prior to leaving the curing shed, 16-inch and larger pipe are 
whitewashed on the outside. During the hotter summer months, 
- ve all pipe are whitewashed. During the winter months, the time in 
the curing sheds is somewhat reduced, but, in all cases, the pipe re- 
‘main, wet down, under cover for at least 24 hours on sizes 12-inch 
and under and 48 hours on sizes larger than 12-inch. 

In hot weather, it is particularly necessary to keep the lining cool 


and moist, immediately after they leave the curing sheds, as at this 
a time they may be exposed to more sudden temperature changes than 
any other period. 
: tee All pipe should be kept wet down on the yard until shipped and no 
pipe should be shipped unless it has been on the yard two days. It 


oe is not considered necessary to protect the pipe, while on the storage 

_—s yard, from the sun and wind or to close the ends, so long as the lining 
is kept damp by occasional sprinkling. 

. By exerting the proper precaution in lining and curing practices, 

it is felt that linings, substantially free from cracks and loose spots, 

can be commercially produced. AD, 


» & 


(d) The minimum amount of water necessary to insure proper dis. | 
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Mr. H. Y. Carson (The National Cast Iron Pipe Company, Birm- 
ingham, Ala.): Some twelve years ago the writer held his first confer- 


| ence with Mr. J. E. Gibson, at Charleston, South Carolina, on cement 


lining cast-iron pipe for his initial requirements, sizes 4- to 24-inch, 
inclusive. 

Our first thought was to bring all the pipe and cement materials 
together at Charleston and place the lining in the field or at least near 
the job, but Mr. Gibson was convinced that a better lining could be 
produced at the pipe foundry in Birmingham. 

Natural cement could not be obtained in the Birmingham district 
and its source of supply soon proved to be very uncertain. The first 
attempts to line cast-iron pipe with Portland cement were unsuccess- 
ful and as we were well acquainted with the fact that natural cement 
pipe linings had been used successfully for more than eighty years in 
this country, we decided to use, in neat form, the Louisville natural 
cement. 

After several attempts to line the pipe by centrifugal processes, we 
fell back on an early method, invented about 1845, of pulling a pro- 
jectile shaped tool through the pipe, thus spreading the cement on the 
inner wall of the pipe to a thickness of approximately ;%¢- to j-inch, 
much like a trowel spreads plaster on a wall. Several difficulties 
were met and solved and we were at first concerned over the fact that 
all of these linings after curing were completely separated from the 
pipe wall. We could not overcome this but it was gratifying to see 
that this ‘“‘looseness’”’ of the linings did not cause undue spalling or 
cracking when the pipe was cut with a common cleaver or tapped for 
services. Both Mr. Gibson and the writer were completely satisfied 
that this separation was in no way a detrimental factor although to 
the uninitiated, it has always seemed very bad to tolerate even an 
occasional ‘‘loose spot’’ in cement lined cast-iron pipe. 

Later development of our centrifugal process and experiments re- 
sulted definitely in using local Portland cement made in the Birming- 
ham district. Thus we were able to offset the most serious 
manufacturing handicap that existed, namely, the uncertainty 
brought about by depending on a distant and unreliable source of 
supply. Incidentally, the necessity which probably compelled the 
development of a process which could utilize a mixture of local Birm- 
ingham Portland cement and sand was the fact that the Louisville 
natural cement plant burned down to the ground and held up our 
supply of cement at a time when Mr. Gibson’s initial order for cement 
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lined cast iron pipe was about seventy-five percent completed. This 
placed us in a predicament and indicated that source of supplies 
constituted one of our most important factors, which is true in practi. 
cally every manufacturing problem. 

The real fine points in producing a greatly improved cement lining 
followed in a natural course of routine development, and as the shop 
crews became better versed in placing high grade smooth Portland 
cement linings in pipe and fittings, we engineers found we could 
throw away our stop watches and weighing scales, which at first we 
used to gauge and accurately combine the cement mixtures. How- 
ever, after our first experiences with linings that were completely loose 
and separated from end to end of each and every pipe, at least Mr. 
Gibson and the writer were never greatly concerned over an occasional 
so-called ‘loose spot” in later-day linings. 

In conclusion, we believe any extra expense involved in producing 
a completely tight lining is neither justified nor should this factor be 
made the cause for sacrificing smoothness, as in some linings employ- 

ing high sand content and long term spinning of the pipe on the ma- 
chine. 


218 


ay; 


Mr. Mackenzie: In discussing the subject, I think it would prob- 
ably save time by leaving out the points on which we agree entirely 
with Mr. Stokes, and go to the points where we have some slight 
difference of opinion. 


te Regarding the remarks on the thickness of the lining, our experi- 
ie ence has been that looseness increases with thickness of lining, where- 
as the check cracking decreases. ‘The forces that cause the cement 
i —* stick to the pipe, the adhesion, also tend to form check cracks, 
__ while the force of cohesion which causes the cement to stick to itself 
a makes loose spots. 
: >. : In the preparation of the mix, I think that the high sand mixtures 
which I must admit are generally made thicker, show little tendency 
oo) ae check cracks, whereas they show quite a tendency to loose spots. 


I might say also in a little explanation of some of these differences 
that our company has never lined anything larger than 24 inches, and 
Mr. Stokes has been worried with a great many of the larger sizes. 
The curing is another point in which we differ. We have never 
gone to the trouble of protecting our pipe from the sun for more than 
three or four hours at the most, and we have ‘‘some sun’”’ down there. 
In fact, I measured a temperature of 170 on bare pipe in our own yard. 
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We do endeavor to keep the lining wet while it is being cured anddo 
that by means of burlap bags and have recently sprinkled the linings 
inside quite often. Our theory is that in a great many cases curing 
is being recommended and if steam is good for it, why should we 
object to a few degrees of extra temperature on the outside of the 


pipe. 


Mr. E. A. Munyan (Cincinnati, Ohio): Mr. Stokes said something 
about end rings. I am wondering if the same thing does not occur 
at the ends of the pipes, on the fittings, where they are exposed to the 
air. The cement lining, of course, will be absolutely exposed to the 
air in the bell or spigot end, and he says he thinks it is taken up by 
the cement. I am wondering if the rust underneath at the absolute 
outer edge of the pipe does not tend to go in underneath the lining 
and sooner or later tend to crack the lining at the edges. 


Mr. R. W. Baker (Republic Steel Company): Our research would 
indicate that the formation of rust would tend to disintegrate linings 
of a non-metallic nature placed upon the bare metal. We must not 
forget that iron oxide occupies a volume approximately seven times 
the original volume from which the iron rust has formed and that 
iron oxide thus formed has terrific energy within itself and non-metal- 
lic linings simply can not resist the physical energy and the increased 
strain thereby, due to the formation of iron oxide. i 


Mr. Woop: There is a great deal of difference in the behavior of =) 
iron and steel embedded in mortar or concrete under water, and in 
the air. Steel reinforcement in a structure exposed to the atmos- 


last speaker has said, the expansive force of the expanding rust will 
force off the surface layer of the concrete. Steel under water pro- 
tected by mortar or concrete behaves in a totally different way. If 
_ there is corrosion, it does not occur by the formation of rust on the 
surface of the steel, but the iron goes into solution, a very dilute solu-- 
__ tion of ferrous hydroxide. It can be only very dilute in the presence 
of strong alkalines, and in that form diffuses through the mortar, = 
__ Where steel is continuously under water, although you may find Bi. ; 
_ that rust has worked through the lining, the lining is stillthere. The __ 
_ lining may have become porous because it was excessively thin, but a _ 
_ in the old cement lined service pipes in New England where tubercu- 
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through the more or less porous skeleton or residue of the mortar 
and then had deposited as oxide on the water surface, but the residue 
of cement was still there, and not pushed off. 


Mr. B. B. Hopaman (National Water Main Cleaning Co., New 
York, N. Y.): Mr. Wood asked me to make some sort of a statement 
on the percentage of pipe that we know of that had been cleaned that 
had cement lining. 

As near as I can estimate for the last ten years, from 1923 to 1932, 
inclusive, there has been approximately a million feet of pipe, of 
street main, cleaned practically every year. Only a negligible amount 
has been of cement lined pipe. Some of it has been old cement, 
concrete pipe. 

As far as I can find out from any of our operators, we have had no 
tuberculation showing in cement lined pipe. We have cleaned some 
of this pipe, but it has not been from tuberculation. It has been 
from a growth of algae or pipe moss. In one instance, we cleaned 
several miles of concrete pipe, which seemingly had a tubercular 
deposit on it, but as there was no reinforcement in this pipe, the iron 
all came from the water. There was free iron in the water, and it 
was a very peculiar formation. 

As far as I know, we have never cleaned any pipe for tuberculation 
in cement-lined pipe. 


Mr. Sweet: My experience is that there is no practical conse- 
quences due to loose spots and hair or check cracking. ‘This is par- 
ticularly true providing tapping of sizes from 20-inch and above is 
done after the line has been placed in service. 

I have never been able to find loose spots after the line has been in 
service. 

In a number of cases where the lining has been removed from pieces 
of pipe taken out of the line no trace of the check cracks can be found 
on the inner wall of the pipe. In all cases the surface of the inner 
pipe wall showed entire lack of tuberculation or rust and in most in- 
stances the metal was still bright. (ZONE Bag 

SOLUBILITY OF LINING 
Mr. Rosert Spurr Weston (Boston, Mass.): It is generally 


known that cement linings, high in calcium carbonate, are somewhat 
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3 gradually decreased as the lining became coated with organic matter. 


| - for thicker coatings or protected coatings. — 


soluble in distilled water, or a soft water of low pH value, or one con- Bt ou 
taining carbon dioxide or magnesium salts. A reduction of solubility _ 
of linings by choice of cement or by the inclusion in the aggregate of == 
fine inert material which will fill the pores of the lining and reduce 
circulation of water, or by treatment of the linings with protective | = 
coatings, are to be discussed by others. The effect of the water itself a 
is the subject of this discussion. | 
Most of the speaker’s experience has been with cement lined pipes 
handling soft waters, largely from surface sources. When these pipes ma 
are placed in service, there is always an increase in hardness, and ." 
sometimes enough calcium is dissolved to form a film of crystals of 
calcium carbonate (chalk) on the surface of water in tanks and in 
other vessels in which it is stored or used. a es 
In 1896-7, in Danvers, Mass., new cement-lined mains caused an i. = | 
increase in hardness of water trod 17 at the pumping station to 80 er - 
p.p.m. or more at the taps. Furthermore, the water had a caustic ie — 
alkalinity at the taps of 73 p.p.m., which decreased as the 
carbon dioxide in the water chnnata the caustic to carbonate. The | 
solution of the calcium carbonate, however, continued, although it 


A year’s test by the Committee of the New England Water Works > 
Association (Jour. N. E. W. W. A. 42, 494) with a typical new cement- — at 
lined service supplied with Boston water first showed on standing idle _ : 
an increase in hardness of from 16 to 1520 p.p.m. in sixteen hours,and = 
under conditions of ordinary use from 16 to 35 p.p.m. These in- _ = 
creases were large. Subsequent tests showed that aftera yearsome 
solution of the constituents of the lining still occurred, the hardness fi. an 
being increased from 12 to 60 p.p.m., after standing 16 hours, but a 7 
from only 12 to 14 p.p.m. under conditions of ordinary use. (See 

‘ 


figure 1.) 
Where the slightly soluble, high-aluminum cements are in use, the 7 
corrosive action of the water may cause some aluminum hydrate to 
be liberated in place of the calcium carbonate ordinarily dissolved. 
Tests with briquettes of cement and with cement-lined pipesshowed => 
considerable variability in resistance to the action of Boston water, | 
but notwithstanding the continued slight solubility of the coating, 
experience in practice has demonstrated a long life for cement-lined 
pipes and services used with surface water. However, the fact that 
solution may still go on after months or years of use is an argument 
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Fic. 1. Errect oF METROPOLITAN WATER ON NEW CEMENT-LINED SERVICE 


With soft ground waters of low pH value, containing little organic 
matter, the decrease in solubility with time is due more to accumula- 
tions of iron, manganese and silica, as reported by Baylis, Carson and 
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Chappell, than to the protective films of organic matter formed so f* 
frequently when surface waters are supplied. However, Langenberg ke; ; 
and others have found that iron films are not always formed. aay 
It is believed that the iron or the manganese replace the calcium acer cae 
carbonate in the lining and form a more or less impermeable mem- ; =" 


brane within the lining. This protective formation is analogous to — :s 


the replacement of the calcium carbonate with the organic matter of _ 
surface water noted above. pr 
Waters which attack cement linings may be corrected by aeration : i. 
to reduce the carbon dioxide or with lime to raise the pH value, but __ 
unless the protection of unlined pipe in the same system demands baa 
such treatment, it is hardly worth while unless the deterioration be —__ 
rapid. It seems better to protect the lining by varying the composi- p.. 
tion of the cement or the aggregate to suit the water, or by coating it 
with a waterproof tarry or waxy compound, in this way maintaining 
within the coating, at the surface of the iron, a high degree of alkalin- ee 
ity and a minimum degree of solution of calcium carbonate,—conse- 
quently a relatively slow loss of the protecting alkaline coating be- = 
cause of the action of the water upon it. oe 


Mr. Sweet: No laboratory tests have ever been conducted to 
ascertain over how long a period an increased hardness of water exists. 

No caustic water complaints have been received from circulated | 
cement lined mains. Such complaints have been received from dead © 
ended mains, but flushing over a period of from three to ten days with 
a fair average of seven days will eliminate all such complaints. Two | 
inch blow offs are installed on all dead end lines not having a fire 
hydrant on the end of the line. The longest period of daily flushing 
ever required was 22 days. 

We have never had any stuck meter trouble which could be traced 
to cement lined mains either on circulated or dead end lines. 


Mr. Joun R. Bayuts (Chicago, Ill.): Cement lining of the proper 
thickness makes one of the most durable inside coatings which may | 
be applied to iron pipes. It, of course, is not new and was used to a 
considerable extent a number of years ago. The difficulty years ago 
in applying the lining probably was the main thing which caused it 
to be abandoned at that time. Perfection of methods of applying 
thin dense linings at a low cost by spinning the pipe has again re- 
newed interest in this method of protecting the inside of iron pipes 
used for distribution mains in the streets. 


At first there was a tendency to use linings too thin to give long 
protection, and the writer on several occasions called attention to in 
fact. The reason given for not applying thicker linings was that the 
lining would shrink and crack while the pipe was stored before use, 
Very rich mixtures have been used, partially on the assumption that 
the more cement there was in the mixture the more difficult it would 
be to corrode or dissolve away the lining, and partially because it was 
easier to apply. It seems the fact that silica sand is about as insoly. 
ble a product as may be found has escaped attention. It is true that 
all the voids in the sand must be filled with cement, but beyond this 
there is no reason for using a lesser amount of sand, except that a 
richer mixture works easier. It is believed that some of the cracking 
of the linings can be avoided by the use of more sand in the mixture, 
With the centrifugal method of application and linings with a mini. 
mum of ;‘,-inch in thickness, it is believed that a 1 to 1.5 mixture may 
be used. It is admitted there is no specific proof that a leaner mix. 
ture is better, but it is something which should be investigated. 

I should like to discuss cement lining largely from its power to 
protect iron pipes. Portland cement is composed largely of calcium, 
silica and alumina. There may be other ingredients occurring to a 
lesser extent such as magnesium and iron, and a certain amount of 
calcium sulfate is added to control the set. When water is added to 
the hydrated cement compounds which contain a large percentage of 
calcium the calcium is dissolved. These compounds will give up 
calcium hydroxide to the saturation point of this compound. The 
water within the pores of the cement lining becomes saturated with 
calcium hydroxide, and the water within the pipes may at first be- 
come almost saturated with lime water. This is too alkaline for iron 
to go into solution, and should iron tend to dissolve it would be pre- 

cipitated immediately as ferrous hydroxide. So long as a saturated 
solution of lime water, or even a fairly strong lime water solution, can 
be maintained against the surface of the iron there is no danger of 
corrosion. There is considerable reserve of calcium within the ce- 
ment compounds and it will continue to maintain a high alkalinity 
within the pores of the lining until a large portion of the calcium has 
leached out. Calcium carbonate will be precipitated at the surface 
of the lining and largely prevent the calcium hydroxide from passing 
from the lining to the water inside the pipe. 
What takes place on the water cement surface of the lining depends 
somewhat upon the water. It is evident that any water suitable for 
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a public supply will dissolve the calcium out of the cement compounds 
if it can get to the compounds. Before the pipes have been placed in 
service, the exposed concrete surface takes up carbon dioxide from 
the air and the calcium at the surface exposed to the air is largely 
carbonated. The extent to which this takes place before the pipe is" : 
placed in service depends largely upon the time of storage and the - ig 
porosity of the lining. If it has been made very dense the penetration - 
of the CO, into the lining might not be ;7g-inch within 6 months, but 
if porous, such as is the case when too much water is used and the 
lining has not been made dense by continued rolling to compact the | 
material to its maximum density, the CO, might penetrate the full 
thickness of the lining within this time. 

In all waters where corrosion of iron pipes is a serious problem, the - 
water passing through the pipes is not only corrosive to the high = 
calcium cement compounds, but it is also corrosive to calcium car- 
bonate. If the water was not corrosive to calcium carbonate, the — 
cement lining would soon form an impervious calcium carbonate 
membrane at the surface of the cement and there would be very little _ 
further deterioration of the lining. A cement lining under such condi- — 
tions should last over a century. With the exception of the Great 
Lakes waters, there are not so many other supplies, unless treated, — 
where the water is saturated with calcium carbonate, consequently 
the calcium carbonate lining which is formed at the surface of = % 
cement is being constantly dissolved away. 

As soon as the water reaches the high calcium cement compounds © 
more calcium carbonate is formed at the surface, but it may not be — 
long before this is dissolved away. ‘There is a constant attack upon _ 
the high calcium cement compounds of the lining, which may be — pen 
fairly rapid at first when the water is fairly corrosive, although it soon 
slows up because the solutions have to diffuse through the residue 7 7 
left after the calcium has been washed away. If this membrane is _ 
retained on the surface, the rate at which the lining can be attacked 
soon becomes very slow. An examination of some cement lined pipe 
nearly 50 years in service showed that practically all of the calcium > 
had been dissolved from the lining, but it still remained in place on 
_ the pipe and was giving very good protection, though there was some 
- corrosion. The life of concrete exposed to corrosive water where the 
attack is from the outside only is very long. In addition to the aggre- 
_ gate used in making the concrete or mortar, the cement itself contains 
_ compounds practically insoluble. As the calcium is leached from the 
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concrete practically none of the silica and aluminum goes intg 
solution. 

There are very few conditions in which the calcium is not first con. 
verted to calcium carbonate, then if there is further corrosion of the 
concrete the water must be corrosive to calcium carbonate. It was 
stated that the high calcium cement compounds give up calcium hy. 
droxide to the saturation point of limewater. This is approximately 
1,600 p.p.m. at room temperature and we might say that this is fairly 
soluble. The saturation point of calcium carbonate is from 15 to 29 
p.p.m. where the water contains nothing but calcium carbonate, al- 
though almost invariably in natural waters there is some carbon diox- 
ide and the equilibrium is at a much higher concentration. Should 
it be from 75 to 100 p.p.m., this is very much lower than the concen- 
tration of limewater. There are not many surface waters where 15 to 
20 p.p.m. increase in the calcium carbonate will not saturate the water 
with this compound, for the water almost invariably contains some 
calcium carbonate in solution. The low solubility of calcium carbon- 
ate plus slow diffusion through the insoluble substances left behind 
after the calcium has been leached from the lining is the reason why 
cement linings will give good protection to the pipes for a very long 
time. 

Cement lined pipes are given a coating of coal tar paint or some 
other material of this character in a few instances where the water is 
fairly corrosive. In some instances the main consideration has been 
to prevent the water from being made too alkaline when the pipes 
are first put into service. For soft and fairly corrosive waters, the 
writer is of the opinion that such a coating is worth while. It prob- 
ably will add many years to the life of the lining, for it prevents the 
water getting to the cement to dissolve out the soluble constituents. 
Not only this, but it aids in preventing carbonation of the calcium in 
the lining when the pipes are stored for a long time. If the cement 
lining is completely carbonated there is the possibility of corrosion 
taking place to a certain extent, shortly after being placed in service, 
although there should be fairly good protection so long as the cement 
coating remained on the pipe surface. 

The writer is of the opinion that painted cement lined pipes will be 
used much more extensively in the future. It will largely eliminate 
the increase in hardness of the water complained of in some instances 
where new cement lined pipes have just been put into service. Itis 
not believed, however, that there will be trouble from increased hard- 
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this be a to the use of lined 
pipes. By bleeding pipe lines for a few weeks after the water is 
turned on, it is believed that nearly all trouble from increased hard- 
ness of the water can be avoided. 


Me. E. L. (National Tube Co., Pittsburgh, Pa.): All 


substances, both metals and non-metals, are more or 


rapidly when exposed to the solvent action of chemically pure water. _ 
From a practical point of view, when a substance is exposed to water _ 
the primary concern is not whether the substance is soluble, but 
whether the solubility is of such a nature, or at such a rate, as to 
interfere with the usefulness of the material in question. Many 
years’ experience with hydraulic cement linings in ferrous pipes has 
amply demonstrated that these cements are resistant to solution, 
remain in place, and prevent corrosion of the underlying metal. This 
is due in part to the fact that natural domestic waters, because of 
their previous flow over rock and soil, are not chemically pure, but 
are in many cases in virtual equilibrium with compositions which 
can be obtained in hydraulic cement pipe linings. 

Considering the matter broadly, there are two possible effectsfrom = 
the solution by water of the chemical substances which make up the 
hydraulic cements used for pipe linings: first, alteration of the physi- 
cal properties of the lining by removal of some of its constituents; 
and second, change in the character of the water by increasing its — 
content of dissolved solids. In considering the problem of solubility, © 
it must be kept in mind that the rates of solution depend both on the 
chemical characteristics of the cement and of the water to which it — 
is exposed, and on the physical conditions of exposure such as tem- 
perature, velocity, etc. Solubility, therefore, must always be defined 
in terms of specific service conditions. In the water works field the 
primary concern is with natural waters at atmospheric temperatures, 
and for periods of service of 20 to 50 years or more; while, in addition, 
domestic hot waters at 150 to 200°F. are of interest to consumers. 
For the present discussion, normal service conditions may be con- 
sidered to be in natural waters at temperatures from atmospheric to 
200°F. and over long periods of time. | 

Referring now to the changes brought about in the physical proper- _ 
ties of hydraulic cement linings by the action of natural waters in 
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removing the more soluble constituents, it may first be emphasized 
that these changes do not interfere with the protection afforded the 
metal by the lining, provided the soluble constituents do not make 
up the greater portion of the cement mass. Practical experience in 
this regard was referred to in a paper by the writer before the Ameri- 
can Chemical Society in 1930.!_ This paper reported the results of 
several examinations of old cement lined pipe in which it was found 
that, after 40 to 60 years’ service in corrosive waters, the lime of the 
cement had been removed to a large extent and replaced by iron hy- 
droxide. However, the protection to the underlying metal was not 
impaired by this change. 

cxperiments showing that thin films of sand on steel are remarkably 
effective in reducing corrosion were also described in this paper. It 
was found that after a time these films were bound together by ferric 
hydroxide into a mass having considerable strength. These observa- 
tions indicate the mechanism of the protection afforded by cement 
linings over long periods of time. 

Under some conditions of exposure a cement which is too high in 
soluble constituents will be disintegrated. One such condition which 
is useful for test purposes, since it can be accurately duplicated, is the 
constant flow of hot aerated distilled water. The effect of the corro- 
sive hot distilled water on a cement high in soluble constituents results 
in the solution of lime at some points and in complete disintegration 
and removal of the cement body. A similar exposure—but for a 
considerably longer period of time—of a cement low in soluble con- 
stituents results in the lime being partially replaced by ferric hydrox- 
ide, but disintegration has not occurred and the lining is still in place 
and retains its protectiveness. 

It should be understood, of course, that in common with other 
chemical reactions the rate at which natural waters remove the more 
soluble constituents of cement is greatly influenced by temperature; 
it is very slow at room temperature and takes place over long periods 
of time. At higher temperatures the same action occurs, but with 
more rapidity. 

Turning from the effect of solubility on the cement, there is the 
further question of the increase of mineral constituents in the water. 
As has been indicated, the constituent of cement most subject to 
solution is caleium oxide. Hence, the action of cement on natural 


1! Chappell, E. L., Ind. Eng. Chem., 22, 1203 (1930). 
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water results first, in the partial neutralization of the bicarbonates, a - | 
and second, if sufficient lime goes into solution, in the appearance of = 
free hydroxide. If much free hydroxide is present, the water de- < 
yelops an objectionable taste. Practical experience in this regard has _ 
been reported by a number of writers in papers appearing principally | 
in the Journals of the American Water Works Association and of the ti 
New England Water Works Association? Essentially, this experi- 
ence shows that cement lined pipe, under normal conditions of use, Ae 
has no noticeable effect on the water; but that there have beenafew _ a 
cases where cement lined pipe, when first put into use, has caused an __ . , 
objectionable alkaline taste. Although not harmful, these occasional _ 
cases of high initial solubility and water alkalinity indicate a condi- _ 
tion which it is, of course, desirable to avoid. This can be done by 
using a cement of inherently low solution rate combined with a proper 
treatment of its surface before putting it into use. ‘ 
It has been stated previously that the rate of the chemical reac- 
tions which occur in the solution of a cement in water depends bothon | 
the characteristics of the cement surface and on the salts already = 
present in the water. Distilled water, because of its freedom from _ 
dissolved solids, may be used for accelerated laboratory tests of solu- | 
tion tendency. However, the practical solution rates in normal < 
waters are much less than those found in distilled water, so that it is 


somewhat difficult to interpret such laboratory tests in practical a J 
terms. 
_ The dependence of the rates of solution of cement upon their —— : 
general chemical identity and properties is illustrated in figure 2. _ 
The relative alkalinity of distilled water after 6 and 18 hours’ contact _ 
with four commercial hydraulic cements is shown. Two of these _ 
cements were of the Portland type and two were natural cements. — 
Although the percent by weight of soluble constituents is roughly the 
same in all four of these cements, the solution rate of the most soluble q 
is five times that of the least soluble. These rates indicate that for pe tee 


a Committee on Cement-Lined Pipe, J. New Engl. Water Works Assoc.. 42, 7 a 
(1928). 
Gibson, Engineering News, 89, 378 (1922); J. Am. Water Works Assoc., 16, J =n 


497 (1926). 
7 Metcalf, J. New Engl. Water Works Assoc., 23, 1 (1909). es 
Sherman, Ibid., 40, 98 (1926). 
Forbes, Ibid., 14, 44 (1900). pipe 
Baylis, Ind. Eng. Chem., 19, 777 (1927). 


Carson, Ibid., 19, 781 (1927). 
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pipe lining purposes it is important to use a cement which, 


its general chemical reactivity and properties, has 
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tendency to go into solution rapidly. 


parable to newly-made cement lined pipe. 
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The samples of figure 2 had 
been in distilled water for seven days and represent a condition com- 
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decreasing rate of calcium pickup with time shown in figure 2. This eS ¥ 
is due in part to the changing water composition as solution proceeds. P on 
As stated before, it has been found that during only the first few = = 
weeks of normal use is the alkalinity of the water noticeably affected _ =f 
by pipe lined with a modern untreated resistant cement. After this _ ea 
initial period the pick-up of alkalinity is reduced to an unobjection- yee 
able amount, the reduction being due to the leaching out of the solu- ee 
ble surface materials and to the building up of insoluble compounds ye at 
on the cement surface. Even this period of high solubility may be Fe 
prevented by proper treatment of the pipe after manufacture. For as 
example, the formation of insoluble compounds on the cement surface 
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may be synthetically accomplished as indicated by the test data in fig- - 
ure 3, which shows the results of treating cement lined pipe with moist — 
carbon dioxide gas just after manufacture. This carbonation of the 
cement surface is shown to have entirely eliminated the period of very a 
high alkalinity which occurred during the first 30 days of test of the 7 
untreated cement. It should be noted that pipe stored in the atmos- 
phere prior to installation absorbs considerable amounts of carbon 
dioxide and its initial solubility is reduced in somewhat the same 
manner as by the carbon dioxide treatment. The control of initial 
solubility by means of organic coatings is being investigated by the 
Department of Water Supply of New York City, and by others. 
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A practical way of preventing the period of high initial alkalinity 
is by treatment of the freshly-lined pipe with boiling water. This 
accelerates the removal of the surface lime and the formation of the 
permanent resistant surface. 

The final concentration of dissolved solids in water under service 
conditions also depends on another factor not here illustrated— 
namely, the size of the pipe. This considerably influences the change 
of the water composition in a given period of time since the amount of 


TABLE 1 
Water from cement lined pipe. Tests at Mutual Branch of Chase National Bank, 
New York City* 
All pipe cement lined—in use about 8 months. Samples taken July 17, 1930, 
(Results in p.p.m.) 


THROUGH CEMENT LINED 
CITY WATER PIPE 
ANALYSES ENTERING 
BUILDING 
Cold watert | Hot watert 
Physical examination: 
Alkalinity, calcium carbonate.............| 10.0 9.0 15.0 
Total hardness, CaCQ,;...................| 22 22 25 


*Courtesy of Dr. Frank E. Hale, Director of Laboratories New York 
Bureau of Water Supply. 

t 100 feet 1-inch cement lined pipe. 

t Unlined cast-iron coal-fired heater and 150 feet of 1-inch cement lined pipe. 


cement surface per volume of water is much greater for a small pipe 
than for a large one. It is also evident that the effect on the water 
will depend not only on the rate of solution of lime, but also on the 
rate of water flow; thus, lines from which water is seldom drawn will, 
obviously, show a greater percentage concentration of dissolved solids 
if the water composition is such that solution occurs at all. 

A third phase of the problem of solubility of cement pipe linings and 
one of practical interest is the effect on the water of cement linings in 
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ordinary service after the period of high initial solubility has passed, 
or when this period is eliminated by special treatment. The solu- 
bility in continuous practical use cannot be satisfactorily determined 
in the laboratory, since it depends not only on the cement, but to a 
great extent on the natural composition of the water in question. 
As previously pointed out, natural waters because of their flow through 


TABLE 2 
Water from cement lined pipe. Tests at United States Veterans Hospital, 
Aspinwall, Pa. 
All pipe cement lined—in use about 7 months. Samples taken at 11 a.m., 
October 22, 1930. (Results in p.p.m.) 


THROUGH CEMENT LINED PIPE 
cITY 
ANALYSIS ould Cold water Hot water 
Close | Distant | Close | Distant 
$12 4.4 3.8 4.8 5.0 
Iron oxide and alumina.............. 2.0 1.9 2.0 1.6 2.0 
Acids: 
Hydroxide........................-| None | None | None | None | None 
Carbonate.........................| None | None | None | None | None 
OTE 50.0 | 50.0) 51.0) 52.0 
250.0 | 251.0 | 251.0 | 250.0 | 250.0 
Hardness: 


(1) Operating room—50 feet of 4-inch to 4-inch cement lined pipe. 

(2) Ward B—350 feet of 3-inch to 3-inch cement lined pipe. 

(3) Operating room—cement lined hot water tank and 70 feet, 3-inch to }- 
inch cement lined pipe. 

(4) Ward B—cement lined hot water tank and 400 feet of 3-inch to 4-inch 
cement lined pipe. 


streams having banks and beds of rock and gravel of a composition 
similar to hydraulic cement pipe linings are frequently practically in 
equilibrium with the constituents of these linings; or at least the lin- 
ing surface, in use, soon reaches this equilibrium composition by loss 
of lime and accumulation of ferric hydroxide. Accordingly, the effect — 
of suitable cement linings on domestic waters is negligible. For 
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example, tables 1 and 2 give data for representative waters before 
and after passage through low soluble cement lined pipe as furnisheg 
by National Tube Company. It will be noted in table 1 that with 
the Catskill water used in New York City, which water is soft and low 
in total solids, no change in composition was found in the cold water 
lines, although the pipe was comparatively new. A slight but un- 
objectionable increase in hardness and in pH value was still occurring 
in the hot water. In table 2 is shown the composition of Pittsburgh 
city water, which is taken from the Allegheny River, before and after 
passage through several hundred feet of small pipe lined with the 
same special cement. This test was made during a dry season when 

- the solids in the raw water were unusually high. It will be noted that 
: fit, the changes in composition are negligible both in the hot and in the 
-——s eold water. It may be mentioned that the operating room samples 
given under *1 and *8 are for pipe which has been used much less 
than the piping in the wards. 

The characteristics of the special low soluble cement referred to 
above which lead to its superior behavior in service may be briefly 
reviewed in the light of the principles which have been outlined. Its 
lime content is roughly one-half and its silica content twice that of 
Portland cement. Accordingly, under the conditions of the distilled 
water test this special cement, although turning dark in color due to 
iron hydroxide, has resisted the distilled water, while the other lining, 
which was of Portland cement, has been partially removed. The low 
soluble cement has an inherently small tendency to go into solution, 
: this being 30 to 50 percent of the best cement shown in figure 2. The 
ia pipe, after being lined with this cement, is placed in boiling water for 

one or two days. This treatment removes the readily soluble sur- 
face lime giving an effect such as is illustrated in figure 3. The com- 

a bination of all these factors leads to a cement lined pipe which, in 
mo service, is resistant to water action and in turn does not affect the 
water carried. 

The data for New York and Pittsburgh city waters show that in 
long lengths of small pipe the effect of the special low soluble cement 
linings on typical water compositions is unobjectionable. 


Summary 


1. Hydraulic cements are resistant to the corrosive action of cold 
natural water. Cements too high in soluble constituents will dis- 
integrate under the more severely corrosive conditions where resistant 
cements retain their protectiveness. 


vo 
ai 
ot 
pr 
wi 
al 
or 
th 
of 
d 
| 
=. 


voL. 25, NO. 12] CEMENT LINED WATER 


2. The rate of solution of a cement depends not only on its content _ he 
of soluble constituents, but also on its general chemical identity and — 
properties. 

3 The initial rate of solution of fresh cements in contact with 
water decreases rapidly due to the removal of soluble constituents _ 
and also to the building up of insoluble materials. Carbon dioxide 
or boiling water treatments are means of synthetically accomplishing 
this reduction. 

4. In the typical corrosive municipal waters of New York City and | 
of Pittsburgh, the effect of low soluble cement pipe lines on the water es oe 
carried is negligible and unobjectionable. va 

5. The desirable characteristics of a special low soluble cement are Zz =a: 
described as based on its chemical stability and low lime, high silica F Ate 


content. 


Mr. Sroxss: For the past two years, we have been experimenting 
with various types of cement and have developed a cement mortar of | 
our own, quite radically different from anything now on the market. 
The base of this mortar is standard Portland cement. Instead of 
using straight cement, for every 78 parts of cement there is added 22 
parts of a substance rich in monocalcium silicate, such as finely pul- 
verized blast furnace slag and to this is added about one and one-half 
percent of uncombined phosphoric or oxalic acid, dissolved in water. 
Sand is added to give a mortar of the desired richness. The slag and 
acid act upon the uncombined lime of the cement and render it in- 
soluble in water and tests have proved that a centrifugally applied 
lining of this composition is substantially free from “leaching.” 

Due to the present difficulty of obtaining the necessary materials 
from which this mortar is made, in sufficiently large quantities, we _ 
are not yet prepared to commercially offer linings of this composition. 

Patent has been issued and we hope to commercially produce this 
in the near future. 

At the present time we believe that the best commercial method of — 
reducing the solubility of the cement in pipe linings is to apply a 
protective coat of a bituminous paint. A coal tar pitch base paint, 
using a vehicle leaving no taste or odor to the water, isrecommended. 
This paint may be sprayed or brushed on cold and the pipe, prior to | 
its application, should not be heated. 


Mr. Newsom: There are other troubles that result from solubility 
that have not been mentioned, and one is the stuff that is to be seen 
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in tanks when water has not been flushed through the main, deposits 
in meters and causes them to stop, and in some cases that has beep 
very troublesome. I recall one instance in which the installation of 
a relatively short length of 6-inch pipe caused 200 meters to stop, and 
then there have been other complaints about sediment that forms ip 
vessels, bath tubs and things of that kind, and complaints that in 
rare cases it has caused dysentery. I think that it is very important 
that this phase of the subject be further investigated. I think it jg 
the most practical difficulty we have to deal with, the getting rid of 
this solubility of the lime. 


Dr. F. E. Hate (New York, N. Y.): About three or four years ago 
the City of New York began the purchase of cement-lined cast-iron 
pipe to prevent corrosion and rapid and extensive loss of carrying 
capacity such as had been experienced in the distribution system since 
the advent of the Catskill supply. In order to prevent hardening of 
the water supply it has been the practice to treat the surface of the 
cement with tar or asphalt coatings. For about nine months hot tar 
dip was employed using the regular coal tar which had previously 
been used on the metal surface before purchase of cement-lined pipe. 
After nine months cold asphalt spray was used to coat the cement 
surface. In both cases the coating penetrated the surface pores of the 
cement lining and there was no heavy surface film produced. 

In order to determine the effectiveness of the coating to prevent 
hardening of the water supply and also to ascertain the length of 
time this coating would prevent solubility of the cement lining, sev- 
eral lengths of cement-lined coated pipe, 6-inch diameter, were set up 
in the basement at Mt. Prospect Laboratory and so arranged that 
the water supply could be run continuously through the pipe or 
permitted to stand. The pipes were so placed that the effluent end 
was somewhat higher than the influent end so as to obtain so far as 
possible full displacement of the water in passing through the pipes. 
The pipes were closed with wooden plugs held in place by lock nuts 
on the service pipes passing through the center from end toend. The 
service pipes were entirely of brass, plugged in the middle, and with 
openings near each wooden plug inside the pipes. Control cocks and 
sampling faucets were placed at the influent end and sampling faucets 
at the effluent end discharging into a metal trough emptying to the 
sewer. Flow was regulated by use of copper discs containing a minute 
hole and held in place on the effluent faucets by washers and screw 
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couplings. Considerable leakage occurred through the wooden plugs 
and in determining the flow and time of contact the leakage from the a 
upper end of the pipes was added to the flow through the faucets. __ 
Six pipes in all have been set up. Pipe #1 is 12-foot long, cement- 
lined, uncoated and manufactured by the United States Pipe «& 
Foundry Company. Pipe *3 was similar but tar-coated. Pipe 
#2 was cement-lined, uncoated and manufactured by the Florence => 
Foundry and pipe #4 similar but tar-coated; the last two were 6- 
foot lengths. Pipe *5 is 12-foot long, cement-lined, asphalt-coated 
(Davies asphalt) and manufactured by the Florence Foundry. Pipe 
#6 is 6-foot long, lined with high alumina cement (Ciment Fondu), 
uncoated and manufactured by the Donaldson Iron Co. All pipes 
are 6-inch diameter. The first four pipes were set up and water flow | 
started September 19, 1930. Flow was started through pipe #5 — 
May 3, 1932 and through pipe *6 March 31, 1933. 

The following description of the application of cement lining and 
of coal tar dip in the manufacture of pipes *2 and # 4 is of interest. 
The cement lining is composed of three parts of Lehigh Portland ce- 
ment and one part sharp sand. The pipe was revolved at a peripheral 
speed of approximate 600 feet per minute. The temperature of the 
surrounding air was 58°F. All cement was sieved before use. The 
pipe was cleaned inside with a wire brush and air blown through to 
make certain that it was dry. After the coating was placed the pipe | 
was spun for one minute in one direction and for one-half minute in 
the opposite direction. Precautions were taken to prevent the ce- 
ment from freezing. The coating was regular coal-tar dip manu- — 
factured by the Barrett Company. The pipe was not preheated but 
was placed while cold in the bath, the air temperature being 64°F. 
The bath temperature was 285°F. and the pipe was removed after 22 
minutes immersion. The coating on the exterior of the pipe was still 
rather uneven indicating in the opinion of the Superintendent that 
one-half hour immersion would have been preferable. The weight of 
the lining was estimated as 13 pounds. The cement lining varied in 
thickness from ;g-to }-inch. This variation was reported to be caused 
by the raised letters on the outside of the pipe coming in contact with 
the rollers. 

Pipe * 5 was coated by spraying the asphalt paint on cold. 

The general scheme has been to allow water to stand one day in 
the pipe, sample and analyze, empty the pipe of the standing water 
by sufficient flow, stand two days, sample, establish continuous flow 
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and analyze at varying intervals, daily, weekly, monthly and quar. 
terly. At the monthly or quarterly periods the water has been allowed 
again to stand 24 hours and sampled both running and Standing. 
The running test is particularly designed to show the effect upon the 
drinking water and the standing test to show the effect of the wate 
upon the cement and length of protection afforded by the coating, 
The data as to the flow, contact period and analyses are given in the 
accompanying table. 

The greatest effect of the cement lining, uncoated, in pipe #1 was 
found in the first sample representing water standing in contact 24 
hours. This sample showed fixed solids of 430 p.p.m., total hardness 
of 255 p.p.m., alkalinity of 72 p.p.m. of which 8 p.p.m. was caustie. 
This would indicate the leaching of calcium or magnesium sulphate, 
The next sample after 2-days contact showed 163 p.p.m. fixed solids, 
125 p.p.m. hardness, and 72 p.p.m. alkalinity of which 50 p.p.m. was 
caustic. This indicates that calcium sulphate had leached out rapidly 
and that free lime was leaching during this period. At the end of 
one week, representing 3-days standing and 5-days continuous flow, 
the total solids had reduced to 98 p.p.m., hardness to 65 p.p.m., alka- 
linity to 30 p.p.m., 8 p.p.m. of which was caustic. At the end of 17 
days the water was almost normal, showing 50 p.p.m. solids, 27 p.p.m. 
hardness, 8 alkalinity with none caustic. At the end of one month 
the water was practically normal with the exception of a slight in- 
crease in pH probably due to partial neutralization of free carbonic 
acid. In 48 days the running water aypeared to be practically nor- 
mal even as to pH. However, in about 8 months there was a sudden 
heavy leaching effect in both running and standing water accom- 
panied by an acid pH of 6.1. Fixed solids were 93 p.p.m., hardness 
79 p.p.m., and alkalinity 67 p.p.m. This effect was evident in all 
four of the first pipes and may have been due to a denser surface skin 
on the cement which was dissolved or penetrated by this time. The 
effect was accentuated by the fact that the first water drawn was 
sampled and represented to some extent local action at the end of the 
pipe. This is shown by the iron content. However, more solvent 
effect is shown for some period after this date. Effect upon the run- 
ning water is shown at 551 days by 1 p.p.m. neutral alkalinity and 8.9 
pH. At the end of 2 years there appeared to be no effect upon the 
running water. The time of contact in these samples generally 
varied from 2 to 8 hours with exception of twice when clogging of the 
orifice affected the flow. The effect of standing 24 hours is still 
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shown at the present time in the presence of 2 p.p.m. or alka- 
linity, a slight increase in total alkalinity, and a pH of 8.9. 

Pipe *3, the corresponding tar-dipped pipe, shows almost com- 
plete protection from the start. The sample standing 1 day showed 
only 27 p.p.m. fixed solids, 14 alkalinity, none neutral or caustic, and 
22 p.p.m. hardness. ‘The only affect was 8.5 pH due to neutraliza- 
tion of free carbonic acid. After standing 48 hours the alkalinity 
was only 10 p.p.m. and pH 7.1. At no time up to the present, 922 
days, has there been any effect upon the running water with the 
possible exception of a slight effect in the abnormal sample taken after 
8months. Similarly the standing samples show practically no effect 
with exception of the abnormal sample at 242 days, i.e., 8 months. 
Slight tarry taste and cdor was present for 17 days but experience 
with this effect should be no different from that regularly experienced 
where there is no cement lining. 

The above results are shown in figures 4, 5, 6 and 7. All of the 
figures demonstrate the almost complete protection afforded by care- 
ful tar-dipping with both running and standing water in a period of 
over two and a half years. 

The determinations for free and albuminoid ammonia throw no 
light upon the question of solubility of the tar coating, due to effect 
of the wooden plugs. 

Due to danger of cracking off the cement lining during the hot tar 
tip process, experiments were conducted with various tar and asphalt 
paints with regard as to effect upon taste and odor. Tar paint was 
found to give a very disagreeable taste and odor probably due to the 
solvent. Davies asphalt paint, made in Camden, New Jersey, was 
found to be satisfactory and the department changed to the purchase 
of cement-lined pipe sprayed with this asphalt paint. The prelimi- 
nary tests indicated that it was preferable slightly to the hot tar dip. 
Samples of water taken in the Spring of 1932, April 21, from the dis- 
tribution system from pipe laid September 17, 1931, and thus in 
service about 7 months, showed no effect at that time of the cement 
lining upon the water. 

Pipe *5, cement-lined and asphalt sprayed, which was set up at 
the Laboratory does not show quite as good results as the test pipes 
with tar dip. The 24-hour standing test showed 62 p.p.m. fixed 
solids, 39 p.p.m. hardness, 23 total alkalinity of which 8 p.p.m. were 
neutral but no caustic alkalinity. The pH was 9.1. The 4-day 


_ Tunning test showed decrease of fixed solids to 36 p.p.m., total alka- = 
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linity to 16 p.p.m., neutral alkalinity 8 p.p.m. and no caustic, totg| 
hardness 35 p.p.m. and pH 8.9. The 17-day running test showed the 
water to be entirely normal. Slight effect, as shown by total alk. 
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-_ linity, neutral alkalinity and pH was present in the running water 

. up to 150 days but no effect thereafter up to 330 days. The standing 

me - test has produced neutral alkalinity up to 151 days, and high pH with 
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increase of 2 p.p.m. total alkalinity up to 331 days. At notimehas 
there been caustic alkalinity, standing or running. Tarry taste and 
odor was noted in only two standing samples. The results are con- 
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sidered to be sufficiently satisfactory. Figure 8 pictures some of these 
results. 

Pipe *6, lined with high alumina cement, calcium aluminate, was 
recently started to learn whether this cement was less soluble than 
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SYMPOSIUM 


Portland cement and could be used without tar or asphalt coati 
The results so far do not, indicate any advantage over Portland ¢. 
ment but will be continued in long-time tests. 


It may be well to add the method of making the tests for taste and 
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mixture to be used in the pipe. The entire surface of the cement 
block is measured. The block is furnished with attached means of 
support. It is thoroughly and completely covered by brushing with 
the paint to be tested. The paint is allowed 48 hours to dry. The 
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the wiligine of which is iileentdalill to the area of the block in i 

of approximately 2:1, cubic inches of water to square inches of sur- : 

face. This is the seamontinahe proportion that obtains in an 8-inch =| 

pipe. After 48-hours immersion the odor and taste of the water is — | 

ascertained. 
No tar paints have yet been found satisfactory from the standpoint jee 

of taste and odor. Three asphalt paints have been found satisfactory a 

as follows: 


Davies Asphalt paint, made by Harry B. Davies, 700 N. 27th St., Camden, 
N. J. 

Gregg’s 606 paint compound, Gregg Company, Philadelphia, Pa. — 

Asphalt paint, H. H. Robertson Company, Grant Building, Pittsburgh, Pa. A. = 


Variation in the results obtained with different pipes indicate that _ 
with increasing care in application of the cement lining and its cure 
and thoroughness in application of organic coatings will produce a 
results even more advantageous than those shown above. rn, 


Mr. Wiaern: The only reason I am saying anything is because 
someone would get the impression that the trouble with the solution __ 
of lime is quite general. It is not, in our experience, very general. . 
Out of something like 90 plants, I have heard of only two that have _ is 
had any trouble noticeable to consumers, and that is due to the — 
quality of the water. You have all grades of water in that number 
of plants, and the one that gives the most trouble is a very soft water, 
with normally something like 12 parts of hardness, and also due to —_—™ 
the fact that the particular part where the cement lining was first put Py. 
in was not very active and became very caustic and stillis. That pH 5 
ran up to 9.2 in that water, and then dropped back to 8.7 where it 
now has been for over a year In one other case we had some com- 
plaint which stopped after six months. We are very sure that we 
should have coated that lining, for that very soft water, with tar or 
asphalt. Just as soon as we get a specification which can be used _ 
with confidence, we will not make that mistake again, I hope. = 

Mr. Stokes: I want to ask Dr. Hale in connection with this coat- 
ing, I notice reference was made to asphalt. The paint we used in 
supplying New York City with cement lined pipe has been a coaltar 
pitch base paint. Is there any specification or is there any other oe 
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Mr. Brus: We prefer a coal tar base paint for the spray, if we can 
get one, which does not give a taste to the water. That is the primary 
requisite, that it shall not impart any taste to the water, and the 
manufacturers have furnished us samples of paint that they proposed 
to use. These have been tested by placing on cement blocks. Dr. 
Hale can tell more definitely than I can as to the result. Some paints 
have been satisfactory and some have been rejected. 


Mr. G. E. Boyp (Wailes-Dove-Hermiston Corporation, New York, 
N. Y.): Somebody stated a while ago he felt the way to take care of 
corrosion was to treat the water with additional lime. If I remember, 
two years ago at Pittsburgh, I think somebody said that was only 
effective for about two miles in the system and would not permeate 
into the whole system. 


Mr. Conarp: Some experimental work has been done, although 
not extensively, along the line of incorporating in the mortar varying 
proportions of an emulsion of asphalt, and these experiments indicate 
that there can be obtained a lining that is: 


oldyow mi od} doy bloow 
Non soluble 

Sub. ai iad} bas jsooijoa yaa 
The experiments on ‘‘Non-Solubility” have not been as extensive as 
for the other faetors noted above, but it is felt that it would be worth 
while to place such linings under tests of sufficient extent to develop 


this. 
LINING FITTINGS 


Mr. Ws. W. Brusa (New York; N. Y.): Our specifications permit 
the fittings to be lined by cement applied by hand trowel or lined by 
the use of a coal tar enamel or bituminous enamel so that we get an 
enameled lining. I am afraid that'I can add but very little to this 
subject. Most of our fittings’have been bituminous-lined fittings. 


Mr. Wiacin: Most of the pipe that has been lined with cement 
has been accompanied by fittings also lined with cement, but not 
always. In the earlier days we got quite a thin lining which was 
little more than a wash, and could be said to be a ;4-inch as an aver- 
age. Later, we began to use linings that were thicker, and we paid 
a little more attention to the question as to how thick they should be. 
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In recent times we have, generally at least, j-inch thickness, and some 
times as much as a quarter. It would probably be § to 7% for the 
larger fittings. An } for the smaller fittings would be a fair measure, 
by recent conferences. 

Those linings have been reported in some instances as quite smooth, 
and in others as definitely rough, and from my own observations, I 
would say that there was a good deal of difference in the standard of 
perfection which the foundry workmen have attained in applying 
linings. In a very short time we really could have practically the 
same standards in the lining of fittings, as we do in the lining of the 
pipes themselves. The lining has been put on in two ways, partly 
by brush and partly by hand; the thinner cases by brush. 


Mr. SroxEs: On the smaller fittings, such as 4-inch offsets, etc., 
where it is impossible to use a trowel, the lining is brushed on in from 
two to four coats, the time between coats being just sufficient to 
allow the previous coat to become sufficiently hard. This time is 
generally about thirty minutes. Where it is possible to reach all 
parts to be lined with the hand, the mortar is applied using a rubber 
hand mit. All linings are cured in the same manner as prescribed 
for the pipe. 

For large fittings, wood end rings are clamped on each outlet of the 
fitting so as to maintain standard lining thickness. The cement mor- 


tar, the same as is used on the pipe, generally a 2 cement and 1 sand 
ratio, is troweled in place, about one-third of the circumference being 
lined at one time. The castings are laid on either side and turned 
over as the lining progresses. Immediately after lining, the ends of 
each fitting are covered with heavy burlap sacks which are kept soak- 
ing wet. About 24 hours after lining, the lining is rubbed down to: 
remove any unusual roughness. Curing times correspond to those 
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x FULL THICKNESS OF LINING AT ENDS 

_ Mr. Sroxgs: On sizes 12-inch and larger on which sizes the mini- 
mum thickness of lining, according to present specifications, is ;°;-inch 
or greater, end rings are employed to insure the proper lining thick- 
ness at the ends of the pipe. These end rings are provided with a 
rubber gasket which contacts the ends of pipe and are held in place 
by means of set screws which engage the inside surface of bell or the 
outside surface of the spigot. These end rings are secured to the 
pipe prior to its being placed in the lining machine. = ~~ | 
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Mr. Conarp: There are several ways to bring about full thicknesg 
of linings at end of pipe, although to my mind the best way ig by 
means of rings quickly attached and detached at both ends. These 
should be especially fitted. While their first cost in sufficient quan- 
tity might be appreciable, when this cost is spread over a large quan. 
tity of pipe, and their probable length of life if used with some d 

of care, the unit cost per pipe lined would be negligible. ii. 


EXTERIOR COATINGS 


Pa Mr. Brusu: Speaking for New York City, we need an exterior 


coating for identification purposes. Our soil conditions are not 
corrosive and the pipe would be perfectly satisfactory from the view- 
point of life of the pipe if we had no coating on the outside, but our 
men can identify a coated pipe as the one to tap and if we did not 
coat them the tappers might tap a gas pipe instead of a water main. 
Possibly there might be some other way to identify the pipe other 
than by a coating, but our water men are accustomed to that. There 
is also the viewpoint of the consumer. There is a certain desirability 
in having the exterior of the water pipe coated so that it looks clean 
and fresh when it is put into the ground. Some form of coating 
prevents the rust and the public in looking at the pipe alongside the 
street feels that it is more desirable. 

Therefore, we expect a uniform exterior coating that is applied in 
whatever manner the foundry desires to apply it. As I recall it, it 
is usually applied as a sprayed coat, although it can either be a spray 
or a brush coat, as we are not looking for protection from corrosion 
beyond the period of time that the pipe will be above ground. We 
accept virtually any form of bituminous coating that is furnished by 

Mr. Stokes: In our opinion, the best method for coating the out- 
side surface of cement-lined pipe is to suspend the heated pipe, prior 
to lining, over the standard hot tar bath and brush the hot tar on by 
hand. After lining, that portion of the lining which has been dam- 
aged by contact with the rollers of the lining machine is re-touched. 


Mr. Wicern: I just wanted to say that our reason is about the 
same as the reason that Mr. Brush mentioned. We do not like to 
have the public looking at old pipe before it is put in the ground, I 
mean old-looking pipe. The Sidewalk Committee sometimes accuses 
us of laying secondhand pipe, if it does not have that ‘‘newness.”’ 
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¢ Ill., June 12-16, 1933 


The Convention opened with President George W. Pracy in the _- 
chair. In his introductory address, Mr. Pracy called attention to ae 
the trying times in the past year for the water works industry, and : 
for the American Water Works Association. 

The Nominating Committee selected the following candidates: 
for President, Malcolm Pirnie, Consulting Engineer, New York; 
for Treasurer, William W. Brush, Chief Engineer, Department of 
Water Supply, Gas and Electricity of New York City. They were 
elected. 

Beekman C. Little, Secretary, presented a report for the fiscal 
year, which ended December 31, 1932. The Association kept within 
its budget and figures presented showed that the Association had a 
balance, though small, to its favor as a result of operations during 
1932. 

While the treasurer’s report was also for the fiscal year, Mr. Brush 
brought the figures up to May31, 1933, in order to make a better com- 
parison of the immediate financial condition of the Association with 
last year. 

The total resources of the Association on May 31, 1932, were 
$43,110, while this year they were $42,356 a decrease of $754 for the 
year. 

The Board of Directors at their annual meeting set the budget for 
the remaining eight months of the year at $55,950 for ordinary ex- 
penses. $4,090 was added to this amount to cover cost of printing 
the following: 

1. Printing Appendix No. 1 of the Manual. 

2. Printing Committee report on Water Quality and Taste. a 
3. Printing report of Committee No. 8. 
4. Printing the Annual Index. 

The above publications will be sold at nominal figures in order to 
reduce the net cost to the Association. 
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Board of Directors of the Association and served as chairman of the 
John M. Diven Memorial Committee Award. This award is made 
annually for the member rendering the most outstanding service to 
the association. Samuel B. Morris, Chief Engineer and Genera] 
Manager of the Water Department, Pasadena, Cal., received the 
award for service rendered to the younger members of the Association, 
Mr. Morris has, during the past several years, made contact with the 
younger members, newly joined, and has traveled widely in the 
interests of the Association. 

James E. Gibson, Chief Engineer, of the Water Department, 
Charleston, 8. C., presented the John M. Goodell Memorial Medal to 
C. H. Spaulding, in charge of Water Purification of the Department 
of Water, Light and Power, of Springfield, Il]. This medal is awarded 
annually to the member contributing the most constructive and 
useful paper before the Association convention. Mr. Spaulding, 
in his paper, described a quantitative method for determining odor 
and taste in water. 

Alexander Milne, Superintendent of Water Works of St. 
Catharines, Ont., was made an Honorary Member of the Association 
at the Board of Directors meeting of the Association at Chicago. 

In introducing Mr. Milne, President Pracy pointed out that he 
joined the Association in 1903, was past President of it, and helped 
organize the Canadian Section. 

At the first Superintendents Round Table Discussion, which was 
held on Monday afternoon, many interesting and timely subjects 
were discussed. This discussion was held under the auspices of the 
Plant Management and Operation Division, of which H. F. Blom- 
quist, Superintendent of the City Water Works, of Cedar Rapids, 
Iowa, served very ably as Chairman. 

The first topic considered was ‘‘Consumer’s Good Will, Its Value 
and Method of Promotion.”” The discussion was led by Frank C. 
Jordan. 

““Consumers’ Complaints and How to Meet Them,” was described 
by E. F. Dugger, General Manager, Newport News, Va., Water 
Works Commission. 

A plan for coéperating with the consumer was covered by M. F. 
Hoffman, Assistant Superintendent of the Commercial Division, 
Cincinnati, Ohio Water Department, in his paper, ‘Policies as to 
Delinquent Water Bills under Depressing Conditions,’’ which was 


read by J. E. Gibson in his absence. 
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A paper prepared by H. L. Monroe, Suparionentiieat at Pontiac . 
Mich., on ‘‘Use of Several Small Meters vs. One Large Meter for — 
Large Services,” was read in his absence by T. J. Skinker, Engineer 
in Charge of Distribution, St. Louis. eee 

A paper was read by Dale L. Maffitt, xyeneral Manager, Des 
Moines, Ia., Water Works, on “Measurement of Small Water Flow.” 

Tuesday, June 13, Morning 

The early part of the Tuesday forenoon session was devoted toa _ Po 
description of Chicago’s water works. 

The first paper, by Myron B. Reynolds, City Engineer of Chicago, ae 
was read by Arthur E. Gorman, in the absence of Mr. Reynolds. _ 

This included a description of some of the difficulties encountered by _ 
the Water Department of that city, both in its early days and at the _ 
present time. The paper was discussed quite fully by Mr. Burdick. 

The second paper on the morning’s program was by J. B. Eddy, 
Engineer, Water Pipe Extension, Bureau of Engineering, Chicago, _ 

Ill., and Bernard Phillips, also of the same department. The paper ; 
covered a description of the work in reducing leakage through waste i coe a 
surveys. 

By far the most important work taken up at the Convention was _ 7 
the proposed work to be done under the national Public Works Bill. 


W. T. Chevalier, Publishing Director of the Engineering News- > 


Record, opened the discussion with a talk on the ‘Place of Public © us a 
Works in the Economic Scheme.” moaisteT A | 

gon feeder 
Tuesday, June 13, 


The first paper of the Tuesday afternoon session presented an — 


innovation in the form of an address by a young lady, Miss Mary E. y.. 
Symms, Public Relations Counselor, of Indianapolis, Ind. 
A consumer with a changed outlook due to the economic drought a 
of the past’ few years was described by Miss Symms, in her paper, _ : 
“Introducing Your ‘New’ Consumer.”’ ' 
Samuel B. Morris, Chief Engineer of the Water Department of " 
Pasadena, California, presented a very instructive paper on “Special : 


Low-Heat Cement for Mass Concrete Dams.” , 

Discussion on Mr. Morris’ paper by Thaddeus Merriman, Chief a 
Engineer, Board of Water Supply, New York City, was read by a 
President Pracy, in the absence of Mr. Merriman. , 
A. U. Sanderson pointed out the advantages of low-heat cement in — 


an 
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connection w vith large masonry structures, while Thomas H, Wij iggin 
expressed the hope that the new cement would eliminate some of the 
trouble in connection with the disintegration of the faces of dams jn 
northern climates. Mr. Wiggin described what he termed “frog, 
action,’ which in some instances produced serious damage to the 
concrete structures. Most of the dams so affected, said Mr. Wiggin, 
are located in northern climates. Believing that this trouble was 
the result of frost, he inquired of Mr. Morris if such damage had beep 
encountered in the neighborhood of Pasadena, where frost is rarely, 
if ever, experienced. Mr. Morris reported that no damage of this 
type had ever been noted. 

Under the title ‘““Ground-Level Storage and Booster Station at 
Milwaukee, Wis.,’’ Herbert H. Brown, Engineer in Charge of Design 
and Construction of Pumping Station, Water Department, Mil 
waukee, Wis., described in detail the new ground-level storage tank 
and booster station recently installed in Milwaukee. 

This paper was widely discussed by Messrs. Sanderson, Brush, and 
others. 

In concluding the discussion, Mr. Wiggin described a ground-level 
storage tank built at one of the plants of the Federal Water Service 
Corporation where floor plates were lap-welded, but the walls were 
not. The foundation was of gravel, with sidewalk type support con- 
structed beneath the wall. This tank is 200 feet in diameter and 
24 feet high, with a storage capacity of 6,000,000 gallons. 

A. Peterson, Chief Engineer of the De-Laval Steam Turbine Com- 
pany, Trenton, N. J. in a paper entitled ‘“T'wenty Years’ Progress in 
Centrifugal Water Works Pumps,” described the increasing efficiency 
of pumps of this design in recent years. For example, one modern 
centrifugal pump can pump 50 million gallons per day, at 136 foot 
head and 514r.p.m. at an efficiency of 90 percent. Old pumps of this 
particular type may have an efficiency of around 80 percent. 

Mr. Peterson’s paper was discussed by R. D. Hall of the W 7 
ington Pump & Machinery Corporation, in Harrison, N. J. ape 


Wednesday, June 14, Morning 


The first topic at the Wednesday forenoon session was a descrip- 
tion of the manufacture and laying of Lock-joint concrete water 
pipe, illustrated by motion pictures. Col. F. F. Longley, of the Lock 
Joint Pipe Company, Ampere, N. J., explained in detail how this 
pipe is manufactured and the ences ts uken to _ it maximum 
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Col. Longley’s paper was discussed by C. J. Desbaillets, Chief 
Engineer of the Montreal Water Department, Montreal, Canada. 
Mr. Desbaillets described his experience with this pipe and expressed. 
satisfaction with the service rendered. ‘The pipe lines are laid in 
mountains where other types of pipes had previously proven unsatis- 
factory. Under these conditions the pipe stood up excellently, 
said Mr. Desbaillets. 

A paper on Bituminous Pipe Coating, prepared by W. M. Wallace 
and James Parks, of the Detroit, Mich., Water Department, was 
read by Mr. Wallace. p 

This paper was discussed by J. M. Evans, of Johns-Manville Corp., 
who emphasized the need of a shielding or reinforcing wrapper in 
connection with the coating. ‘The mechanical and chemical require-_ 
ments as well as tests were also outlined. C 

Nicholas S. Hill, Jr., Consulting Engineer, of New York City, 
reviewed the study of water pipe electrolysis in recent years, and 
described experiences of the Hackensack Water Company with the 
effects of electrolysis on service lines and meters. L 

M. W. Cowles of the Hackensack Water Company, New Milford, 
N. J., outlined the work which had been done in the study of elec- 
trolysis in water service pipe by his company. "7 

Recent developments in the application of protective coatings for 
pipe were described by Linden Stuart, President, Wailes Dove- 
Hermiston Corporation, in his paper, “Some Modern Methods of 
Coating and Lining Pipe.”’ 7 

A discussion of this subject prepared by L. W. Stocker, Senior 
Civil Engineer, Utilities Commission, San Francisco, Calif., was 
read by President Pracy. Motion pictures were displayed showing | 
the methods of coating pipe used in the Hetch Hetchy system at a 
Francisco. 


auirolo Avi Wednesday, June 14, Afternoon A... 
The entire Wednesday afternoon session was devoted to a discus- 
sion of the various problems incidental to cement lined water mains. 
L. P. Wood, Designing Engineer of the Board of Water Supply ; 
of New York City, started the discussion. 
Thursday, June 15, Morning it 
Thursday forenoon the Plant Management and Operation Division | 
held its second session, with H. F. Blomquist in the chair. 
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“Quick Closing V _ es for Isolating Breaks in _ Mains” was 
discussed by Wm. W. Brush. 

S. Logan Kerr, of the Baldwin-Southwark Corporation, pointed 
out the essentials of automatically closing valves which can be closed 
by flows in either direction. 

In answer to a question by a member as to whether or not by-pasges 
were used in connection with large valves in New York, Mr. Brush 
answered that, where the valves are over 20 inches in diameter, 
by-passes are provided to equalize the pressure on both faces of the 
gate before closing the main valve. 

J. B. Eddy, of the Chicago Water Department, described experi- 
ments conducted with quick closing valves. In the test a 24-inch line 
under 35 pounds pressure was opened so as to simulate a break, 
Automatically closing valves closed so rapidly that damage was 
done to the hydrant next above the opening. Pressure from hammer 
in this particular instance reached over 200 pounds. Chicago is 
using automatic cone valves at pumping stations and they have been 
found very satisfactory, according to Mr. Eddy. 

Mr. Kerr called attention to the fact that a closing time of 10 min- 
utes was usually considered safe. Quick closing valves on water 
systems involving long mains should be used. The valves should 
not be set to close in a matter of seconds. The closing time should 
be in minutes rather than in seconds, according to Mr. Kerr. 

Mr. Brush added that he believed 10 minutes would be satisfactory 
for the period of closing of quick closing valves, 

W. P. Weldon, of Chicago, remarked that he has solved the prob- 
lem by replacing 36-inch valves with 24-inch on 36-inch mains. 

Mr. Brush pointed out that the New York practice is to use 36-inch 
valves on all mains larger than 36-inch; below 20-inch main, valves 
and mains are the same size. On 20- 24- and 30-inch mains, 20-inch 
valves are used. On 60-inch mains, 48-inch valves are employed. 

A member described a unique installation of quick closing valve 
in connection with a ground storage tank. The automatically clos- 
ing valve was placed just below the tank, and provided with a vent 
to prevent creation of vacuum in the event of sudden withdrawal of 
the water from the supply line and instantaneous closing of valve. 

In answer to a question of another member as to whether or not the 
higher velocity through a smaller valve caused any ‘‘wire drawing” 
or other trouble, Mr. Brush stated that the velocity is not high 
enough to be troublesome. — Sometimes | the valves chatter, but there 
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is no serious trouble. The smaller sized valves are satisfactory on 
large mains for general use in the distribution system, according 
to Mr. Brush. In connection with the use of smaller valves and 
mains, a 6-foot reducer is usually employed in New York. 

A. U. Sanderson, of Toronto, stated that he follows the same prac- 
tices as New York with regard to reduced valve sizes. Up to 60-inch, 
valves not greater than 36-inch in diameter are employed. 

Answering an inquiry by a member as to the type of quick closing 
equipment that is used on trucks, Mr. B rush stated that the valve 
closing device is connected to the drive shaft of the motor, through 
gears. Sufficient flexibility is permitted through the type of drive 
shaft employed to enable six-inch horizontal or vertical movement 
of the closing mechanism in attaching to valve. The equipment has 
worked very satisfactorily. All large valves are operated one or two 
times a year and at that time they are properly lubricated. 

A paper by J. B. Eddy, Engineer of Water Pipe Extension, Chicago, 
Illinois, on ‘‘Value of Continuous Pressure Recorders in Various 
Parts of the Distribution System,” was read by W. P. Weldon, 
Assistant Engineer of Water Pipe Extension. 

In answer to a question by Mr. Thompson, of St. Paul, as to how 
a consumer could get along with 25 pounds pressure in Chicago, in 
view of the fact that when the pressure drops to this point in St. Paul 
a great number of complaints are received, Mr. Weldon pointed out 
that 25 pounds pressure was satisfactory for a building of four stories 
or less. Buildings above this height have pumping equipment in- 
stalled to raise the water pressure to any point desired. [ 

Assistant Engineer 8. B. Nelson, of New York, outlined the prob- 
lem of pressure as encountered in that city. Catskill supply furnishes 
ample pressure for the maximum demand. ‘The high service is sup- 
plied by Catskill water direct. Intermediate service is furnished from 
Catskill supply, reduced through throttling and regulation valves, 
while the low service system receives Croton supply. . 

Recording gauges are placed in fire engine houses, and weekly 
charts are made. An employee of the water department goes around | 
each week and collects the charts, from which are plotted maximum 
and minimum pressure curves for each section. 

E. A. Munyan made inquiry as to the use of remote recording 
gauges and the transmittal of information to a central point. 

_ Mr. Brush stated that while this type of gauge was used but little 
in New York, he believed that the recording gauges equipped to 
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transmit their readings to some central point would become common 
practice in the future. 

Answering a question by Mr. Skinker as to the cost of Utilizing 
telephone wires for transmitting gauge readings, Mr. Munyan stated 
that in Cincinnati remote gas recording gauges employ telephone 
wires. The wire is rented at a set price per month, with an initia] 
payment equal to the cost of making installation. The voltage on 
the wires is, however, held to a low figure. 

The New York Water Department, according to Mr. Brush, plans 
to use the telephone system in the future for such service. 

A member reported that in his city the reservoir is located 5 miles 
from the pumping station. The Water Department installed wires 
for 23 miles and rented 23 miles from the telephone company. The 
bill for this service is $10.80 per month. 

Telemeters are used in Kalamazoo, Mich., where a contract is 
being made with the telephone company for the use of the wires, 
The cost is about $5 per mile per month. The city had to pay the 
cost of installing the connection. 

J. Arthur Jensen, Supervisor, Water Works Department, Minne- 
apolis, Minn., presented a paper on “Inspection and Control of 
Sprinkler Systems and Other Special Connections.”’ 

The question was raised as to the penalty for misuse of fire services, 
to which Mr. Jensen answered that the penalty in Minneapolis is $100. 

In Kalamazoo, according to a representative from the Water 
Department of that city, a charge equal to three times the ordinary 
bill for the water used illegally is made. 

Mr. Skinker, of St. Louis, reported that in that city a flat charge is 
made for all fire protection service of $5 per year, whether for 3- or 
12-inch lines. When connected to a sprinkler system, seals are pro- 
vided on the lines and an inspection is made once amonth. Further- 
more, a connection must be made to an alarm system such as the 
A. D. T., or the service must be metered. The consumer pays for 
the meter and the installation. 

In Charleston, 8. C., a charge of $50 per annum is made for a 
sprinkler connection. It is limited to the size of the main in the street. 

In New York, according to Mr. Brush, no charge is made for fire 
service connections, but it must be metered if the premises are me- 
tered. In multiple family homes, sprinklers in hallways may be used 
in lieu of fire escapes. As there are no meters in these buildings, 
there is therefore no change for sprinkler service. = 
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In St. Paul, the charge is $25 for 4-inch connections and $50 a ~ 
g-inch connections. The property owner must post a bond against __ 
illegal use of water from sprinkler pipes. ; 

Mr. Weldon, of Chicago, reported that no charge whatsoever was 
made for water for fire service connections. —.. 

Wallace W. Morehouse, Director of Department of Water of an os 
ton, Ohio, outlined the policy of his city regarding control of sizes of F ‘ee 
consumers services. 

G. C. Storey, of Windsor, Ont., expressed the belief that the a 
mer should have any size of service required. He has found that a 
sudden draft on the supply by customers does not create any serious 
trouble. 

D. A. Hefferman pointed out that while services in his city were 
formerly $ or ? inch in diameter, due to changes in consumption of 
water on the part of householders, as well as changes in equipment — 
employed in household, the services should be larger. He cited 
flushometers, for example, as demanding much larger flow than the 
small service pipe is capable of giving. He feels that it is the best sa 
policy to put in a service that is plenty large enough. He also advo- ' 
cates the control by the water department of the service from the 
main to the meter. Many water departments assume responsi- 
bility for the service only from the main to the property line. _Z 

It is his impression that the day of § and ? inch service has passed, ae 
and that in the future 14-and 2-inch pipe will be justified. Dis 

He called attention to troubles from galvanic action when dissimilar 
metals were brought into contact. For that reason he advocated the 
use of similar metals in service lines and to accomplish this end, 
Water Department control of the entire service pipe. pe. 

Mr. Morehouse expressed the opinion that it is a problem of water 
department codperation. The Water Department, in the final analy- a 
sis, is in business to sell water, and should therefore provide facilities 
which will best serve that end. } 

J. E. Gibson also stressed the importance of coéperation, not only © 
between the water company and the customer, but between architects 
and plumbers as well. The latter two are frequently to blame a 
unsatisfactory water pressure in buildings. The builder wants to YS 
get by as cheap as possible and the architect specifies, and the plumber — 
installs, service lines that are too small. The pressure, too, is an — 
important factor, according to Mr. Gibson. A service pipe at 150_ 
pounds may be more than ample, while under 25 pounds pressure it is es 
far too small. 
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Franklin Manager, Water of Scarsd. 
N. Y., called attention to the fact that, if everybody got the size of 
service he wanted, and if there should be a period of severe drought, 
the draft on the system would be such that there might be high spots 
in the system where there would be insufficient pressure for domestic 
use. 

L. N. Thompson, St. Paul, Minn., expressed the belief that the 
plumber should be controlled. In St. Paul, the Water Department 
requires plumbers to be licensed to install services. If the owner of g 
building wants a 2-inch service installed, the plumber knows that he 
must furnish pipe of that diameter. Furthermore, whatever size jg 
required in the yard leading to the building, the same size pipe is re- 
quired to be carried entirely across the basement of the building, 
This eliminates one of the common causes of poor pressure in the 
building. 

W. A. Peirce, Manager of the Water Department of Racine, Wis,, 
discussed the selection of service pipe material under present prices. 

J. E. Gibson urged the members to get away from the price com- 
plex. ‘“‘You get just about what you pay for,’”’ said Mr. Gibson, 
The same holds with service pipes, and it pays to use good materials, 
It is expensive to dig up modern pavement and repair it, to replace 
damaged or leaky service pipes. It is false economy to use materials 
which will not endure, said Mr. Gibson. 

Following the technical part of the program, a short business meet- 
ing was held, at which the nominating committee submitted the 
name of Carl A. Hechmer as Chairman of the Plant Management 
and Operation Division for the coming year. He was unanimously 
elected to that office. 


pad 

The meeting of the Water Purification Division, held during the 
convention of the parent body at the Hotel Sherman, differed from 
recent meetings of the Division in being more varied in scope and in 
including more papers of general nature reviewing developments in 
water treatment and control. 

The sessions were opened under the chairmanship of Joseph W. 
Elims, Engineer of Water Purification and Sewage Disposal, Depart- 
ment of Public Utilities, Cleveland, Ohio, on Tuesday, June 13 at 
2 o’clock in the afternoon. 


The first paper was by Dr. John F. Norton, of the Upjohn Com- 
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pany, Kalamazoo, Mich., who has been for many years connected # aA; 
with the preparation of the Standard Methods of Water Analysis of = 
the American Public Health Association and the American Water 
Works Association. Doctor Norton’s subject was “Current Research _ 
in Water Bacteriology.” 
Norman J. Howard, Director of Water Purification, Island Filtra- _ Me 
tion Plant, Toronto, Ont., in discussing Dr. Norton’s paper, called at- ier: 
tention to the influence of variation of ox gall and of bile salts in the a 


media in which they were used. Bile salts of poor quality caused Sir 


Alexander C. Houston for a time to abandon the use of MacConkey’s Fu 
confirmatory bile salt medium. Very little success with the Domi- | 
nick-Lauter broth was met with in Mr. Howard’s experience until the _ . 
correct dyes were secured. Some similar difficulty may be responsi- 
ble for the difference of opinion on the use of Wilson and Blair’s 
bismuth sulphite agar which has been found unreliable in America, 
but which Sir Alexander C. Houston in England considers excellent 
for its purpose. It is intended to facilitate the detection of typhoid 
organisms by the production of easily recognizable black colonies. 
Mr. Howard expressed the opinion that buffered broth designed to M 
reduce the effects of acid accumulation in colon cultures was the _ we 
most promising of the more recently proposed culture media. Mr. 
Howard stressed the importance of the indol test as a confirmatory _ 
procedure in work with the colon group of bacteria. 

Carl J. Lauter, Chief Chemist, Washington Filtration Plant, Wash- 
ington, D. C. discussed the importance of securing the proper dyes 
for inhibitory action on bacteria in testing for the colon-aerogenes 
group of bacteria, with especial reference to the Dominick-Lauter 
brom cresol purple broth. He also insisted that the media should © 
be tested with natural waters rather than with pure cultures of bac- _ - 
teria in order to demonstrate reliability of action of the media. 

The Report of the Committee on Testing Water Purification Chem- 
icals was read by the Chairman of the committee, M. M. Braidech, 
Senior Chemist, Baldwin Filtration Plant, Cleveland, Ohio. He re- 
viewed the work of the American Water Works Association on speci- 
fications for water works chemicals prior to the appointment of his 
committee by Chairman Ellms, of the Water Purification Division, 
following the Memphis meeting in 1932. A list had been compiled of 
all chemicals commonly used in water purification, with the exception 
of zeolites, which are not destroyed in use, and each member of the 
committee was assigned several substances for special study and the 
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preparation of a ——o. following a prescribed form. Eighteey 
such monographs had been completed during the year. Mr, Braj. 
dech recommended that the committee be continued with provigign 

for review of the monographs by associates, for referees and field rep. 
resentation. 

In opening the discussion on Mr. Braidech’s report, R. C. Bardwell, 
Superintendent of Water Supply, C. & O. R. R. Company, Richmond, 
Virginia, remarked upon the commendable speed with which the com- 
mittee had carried out the work thus far accomplished under Mr. 
Braidech’s direction. He called attention to the basis of sale of soda 
ash and the need for revision of the valuation as applied to water sup- 
ply practice. Sodium oxide (Na,O) has long been the commercial 
basis of evaluation of soda ash. This does not represent the value 
in water treatment in Mr. Bardwell’s opinion. The material should 
be sold under guarantee of its sodium carbonate content. 

August G. Nolte, Chemical Engineer, St. Louis Water Department, 
St. Louis, Mo., a member of Mr. Braidech’s committee discussed the 
report and asked for assistance by individuals using water works 
chemicals, who could by their review of the monographs make useful 
suggestions to the committee. 

Norman J. Howard, Director of Water Purification, Island Filtra- 
tion Laboratories, Toronto, Ont., called attention to the undesirable 
impressions which were aroused when specific sustances were men- 
tioned with maximum tolerances stated. If these substances were 
popularly known to be poisonous, as in the case of arsenic, undesirable 
newspaper discussion might instill fears into the minds of users of 
water which had been treated with the chemicals. Usually the con- 
sumers did not understand that the poisonous substances were of no 
importance unless present in amounts very much greater than were 
mentioned as the maximum tolerance. A case in point was the older 
specifications for sulphur dioxide which in former days might contain 
a minute amount of arsenic. 

Mr. Braidech closed the discussion of the report. Mr. Bardwell 
moved the adoption of the report by the Water Purification Division. 
The motion was seconded and carried. 

H. L. Tiger, Technical Manager, The Permutit Company, New 
York, N. Y., next read his paper on “Determining the Quality of 
Zeolites.” 

In the absence of Charles P. Hoover, Chemist, Filtration Plant, 
Columbus, Ohio, and Chairman of the Water Purification Division 
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Committee on Testing of Zeolites, the discussion of Mr. Tiger’ S paper 
was opened by Jack J. Hinman, Jr., Associate Professor of Sanitation, 
University of Iowa, Iowa City. A communication from Mr. Hoover 
was introduced giving the methods used by the Hungerford & Terry 
Company for the testing of zeolites for hardness, exchange capacity 
and grain size. 

A. 8. Behrman, Chemical Director, International Filter copia, 
Chicago, discussed Mr. Tiger’s paper. 

The paper by Arthur E. Gorman and H. H. Gerstein, of the Demon 
of Engineering of the City of Chicago, on the subject of ““A Proposed 
Plan for Ammonia Chlorine Treatment at Chicago,” was read by Mr. 
Gerstein. 

Linn H. Enslow, Engineer of the Chlorine Institute, New York, 
N. Y. discussed the paper. The cost of the proposed improvement 
was estimated to be about $100,000, but better treatment and longer 
contact would be provided as the treated water passed through the 
tunnels to the pumping stations. Aftergrowths would be reduced in 
the distribution system. The seeding of the water with bacteria by 
deposits in the distribution system would also be avoided. 

Mr. Enslow called attention to the need of careful control of the 
temperature of water applied to the chlorine cylinders in the evapora- 
tors. The cylinders are provided with fusible plugs which melt at 
167° Fahrenheit. The use of hot water at laundries where the — 
cylinders are immersed in hot water to speed gas delivery has been 
known to melt these plugs and release the chlorine. Such release 
may be very hazardous. Consequently the temperature of the water — 
should be carefully controlled by means of thermostats, and, since 
such apparatus does not always function as planned, there should be 
close supervision over the temperature and duplicate control thermo- — 
stats. Remote control of chlorinators from the land is feasible and 
offers possibilities in securing the type of treatment desired. 

M. C. Smith, Engineer in Charge, Bureau of Water and Electricity, 
of Richmond, Va., stated that there had been tastes at the dead ends 
of the Richmond mains when chlorine alone had been used. When 
ammonia was employed, the chlorine residual could go up to as much 
as0.5p.p.m. Above that value he had found there was taste. f 

M. M. Braidech, Senior Chemist, Baldwin Filtration Plant, ll ms 
land, Ohio, said that they had attempted to pre-ammoniate and pre- yo ss 
chlorinate the water being treated at Cleveland. They had noticed a — 
lag in the action of the chemicals. Free chlorine apparently —_ 
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peared as the water passed through the filters, producing nitrites and 
nitrates. They had used 1} to 2 pounds of ammonia with 3 to 4 
pounds of chlorine per million gallons. At the time of the fall tur, 
over of the water of the lake with up to 2,000 units of the diatom 
melosira, and other organisms, they still had trouble with a chlorine 
taste. 

In closing his discussion, Mr. Gerstein explained that in the pro. 
posed installation at the 68th Street and Dunne Cribs, it would be 
possible to feed the chlorine directly into the shaft as a gas, or that the 
indirect solution feed could be used. 

The report of the Committee on Cotrol of Tastes and Odors, sched- 
uled to be read by Martin E. Flentje, Superintendent of Purification, 
Community Water Service Company New York, N. Y., was presented 
in Mr. Flentje’s absence by Charles H. Spaulding, Superintendent of 
Water Purification, Department of Water, Light and Power, Spring. 
field, Ill. 

The report was discussed by Fred. E. Stuart, Research Engineer, 
Industrial Chemical Sales Company, New York, N. Y., who read a 
paper entitled ‘“Tastes and Odor Control by Physical Adsorption.” 

The Water Purification Division voted to create the special com- 
mittee on the determination of phenols and their relation to taste and 
odor problems. It was, however, voted to continue the general Com- 
mittee on Tastes and Odors. 

On Tuesday evening, June 13, at 6.45 o’clock, the annual Water 
Purification Dinner was held, with William J. Orchard, Sanitary 
Engineer, Wallace & Tiernan Company, Newark, N. J., in his custo- 
mary role as Master of Ceremonies. On this occasion Mr. Orchard 
elected to imitate Ed Wynn and accordingly was specially costumed 
with plaid trousers, red uniform coat with large epaulettes and topped 
with a fire chief’s helmet. About 200 persons were present to enjoy 
Mr. Orchard’s performance and the performance of the entertainers 
working under his direction. During the evening the Rounders 
Quartette sang several numbers. Miss Edith Griffith, of the Chez 
Paris, sang several times, accompanying herself on the piano. Mr. 
Orchard, with Dr. F. W. Mohlman, Chief Chemist, Chicago Sanitary 
District, at the piano, then directed the singing of two oldtime songs. 
The singing was accompanied by the showing of lantern slides of 
about 1910 vintage. Paul Hansen of the firm of Pearse, Greeley 

& Hansen, Consulting Engineers, Chicago, made a humorous talk. 
Joseph W. Ellms, Chairman of the Water Purification Division, 
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tently at times of high water. Columbus, Ohio, had another early 
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briefly sketched the history of the Division since its beginning as 
the Chemical and Bacteriological Division in 1913. Harry E.Jordan, 
Sanitary Engineer, Indianapolis Water Company, Indianapolis, i 
Ind., the efficient Secretary of the Division, announced that the _ 
voting on the ballot attached to the dinner menu had resulted in 
Abel Wolman, Editor of the Journal of the American Water Works oie 
Association, being chosen as the most intelligent, best looking, 
cleverest, noisiest, quietest and otherwise superlative member of the 
Division. How the tellers had been able to arrive at the results 
without collecting the ballots was not explained. Mr. Orchard 
quickly announced that Auld Lang Syne would be sung by every- _ 
one and the members filed out, several stopping to congratulate the __ 
somewhat flabbergasted Mr. Wolman on his numerous proficiencies. 

The session of the Water Purification Division for the afternoon 
of Wednesday, June 14, began with a paper by Charles R. Cox, 
Associate Engineer, State Department of Health, Albany, N. Y., on ,. it 
the subject of “The Removal of Aggressive Carbon Dioxide by Con- _ 
tact Beds of Marble.’’ 

Malcolm Pirnie, Consulting Engineer, New York, N. Y., and Presi- 
dent Elect of the American Water Works Association, in discussing — 
Mr. Cox’s paper, told of an incident in connection with a reservoir of 
the Watertown, N. Y., water supply system. This basin, which was 7 al 
constructed by dicewiie a dam across a stream, had a bottom of lime- |< oe 
stone. The retention in the basis was for a period of eight days and _ 
in that time the alkalinity was increased by from one to six parts per 
million, based on the monthly averages. The greater increases were i a 
in January, February and in June. Mr. Pirnie also discussed the re- : 
moval of limestone particles from filter sands by the action of the 
carbonic acid. 

The paper entitled ‘‘Disposal of Lime Sludge at Water Softening 
Plants,’ which was to have been given by W. H. Dittoe, Chief Engi- 
neer, Mahoning Valley Sanitary District Youngstown, Ohio, was 
read in Mr. Dittoe’s absence by Clarence Bahlman, Water Purifica- 
tion Supervisor, Cincinnati Filtration Plant, California, Ohio. 

The discussion of Mr. Dittoe’s paper was opened by Daniel H. 
Rupp, of the Water Department of Topeka, Kans. He stated that 
the first municipal water softening plant in the United States, as far — 
as he was aware, was the plant at Oberlin, Ohio, which began opera- 
tions in 1907. The sludge from this plant was discharged intermit- 
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plant, which did the same thing. Marion, Ohio, had a large volume 
of sludge to be dealt with since the water was very hard. One million 
gallons of the Marion water would yield as much lime sludge as tep 
million gallons of the Mahoning Valley District’s water supply. Pos. 
toria, Ohio, used the sludge to fill low land. Miami did the same. 
Sandusky, Ohio, which began to soften its water in 1931, at first dig. 
charged its lime sludge onto low land, then determined the space 
necessary for its accumulating deposit. A basin about 60,000 square 
feet in area was set off. It was 25 feet deep. The moisture content 
of the sludge could be reduced to about 76 percent. In Mr. Rupp’s 
opinion the ultimate disposal of the sludge constituted an unsolved 
problem. 

John R. Baylis, Physical Chemist, Bureau of Engineering, Chicago, 
presented the Report of the Committee on Filtering Materials. 

“The Control of Manganese and Iron Accumulation in FilterSand,” 
was discussed by P. W. Frisk, Chemist, Manager of the Chemical 
Laboratory, American Enka Corporation, Enka, N. C., with especial 
reference to the needs of the rayon industry. 

Robert W. Sawyer, Assistant Engineer with Malcolm Pirnie, Con- 
sulting Engineer, New York, N. Y., discussed manganese removal 
with especial attention to the experiences of the Boulevard Purifica- 
tion Plant at Providence, R. I. 

Gordon M. Fair, Associate Professor of Sanitary Engineering, Har- 
vard University, Cambridge, Mass., announced that the title of his 
paper as given in the program of the Water Purification Division did 
not represent what he proposed to discuss. Instead of ‘“The Hy- 
draulics of Filter Sand,” a better title would be ‘Fundamental 
Factors Involved in the Flow of Water through Sand, Applied both 
to Filtration and Expansion.” In a very masterly way Prof. Fair 
explained his study, employing the basic idea of flow through a tube in 
his work. 

Malcolm Pirnie, Consulting Engineer, New York, N. Y., in com- 
menting upon Prof. Fair’s paper, called attention to the usefulness 
of the work in its application to the study of underground waters, 
especially when derived from unconsolidated formations which might 
have been stratified when laid down by slow-flowing water or which 
might be unstratified as a result of having been laid down by water 
under turbulent conditions. 

H. E. Judson, Jr., Junior Sanitary Engineer, Experimental Filtra- 
tion Plant, Chicago, discussed the results which had been obtained at 
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the Experimental Filtration Plant under Mr. Baylis’s direction. In be 
general the results supported Mr. Fair’s statements. Attention was — 
called to the general disagreement among workers on the determina- _ 
tion of sand size. 
John R. Baylis, Physical Chemist, Experimental Filtration Plant, — 
Chicago, called attention to the fact that there was no uniformity in _ 
the conduct of the determination of microscopic organisms in water — 
and that the clogging of filter sand by the organic matter under vary- | 
ing conditions at different plants, could not well be compared. He — ea 
said that the influence of the increase in the filter area by thedevelop- 
ment of side cracks and surface cracks in the sand bed had not been 
properly taken into account in studies of filter runs. In his opinion, ee, 
Mr. Baylis stated, very important factors to be considered were: 
(1) The size of openings between the sand grains. (2) Thesize,shape _ 
and characteristics of suspended matters. (3) The extension of the h 
sand surface through cracks and other physical changes. a 
In closing the discussion of his paper, Prof. Fairsaidthathe would =| 
like to emphasize the importance of the mean diameter of the sand 
grains. The frictional resistance of the sand is the same, irrespective _ 
of the degree of expansion of the sand in washing. Wide expansion 
loses the advantage of sand abrasion. Mr. Hopkins, at Baltimore 
had found it advantageous to start the sand washing slowly for the © 
purpose of allowing the sand to rub around during the washing. ‘Force | 
greater than the weight of the sand cannot be exerted by the reverse __ 
flow washing process. The influence of angularity of sand grainson > 
the efficiency of filtration has not been sufficiently studied in compari- 
son with more rounded grains of the same size characteristics. Sir 
Alexander C. Houston’s test for resistance to filtration, in which water 
is passed through a cloth of definite mesh under low head to deter- _ 
mine speed of filtration, has not received deserved attention in Amer- 
ican practice. It can give useful information about the variation of i _ See . 
the filtration characteristics of waters. ‘Sg 
Mr. Baylis, of Chicago, as Chairman of the Nominating Com- __ 
mittee, brought in the following nominations for officers of the Water 7 aw 
Purification Division: 
For Chairman: George D. Norcom, Sanitary Engineer, Federal 
Water Service Corporation, New York. % 
For Vice-Chairman: S.T. Powell, Consulting Chemical Engineer, __ 
Baltimore, Md. 
For Directors: J. W. Ellms, Engineer of Water Purification and ane 
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oe Sewage Disposal, Department of Public Utilities, Cleveland, 

Ohio (Retiring Chairman of the Division); Charled R. Cox, 

Sethi Associate Engineer, State Department of Health, Albany 

, N. Y., and Arthur E. Gorman, Sanitary Engineer, Bureau of 
Chicago, Ill. 

For Secretary: Harry E. Jordan, Sanitary Engineer, Indianapolis 

Water Company, Indianapolis, Ind. 

Attention was called to the fact that Ellis 8. Tisdale, Director of 
the Sanitary Engineering Division of the State Department of Health, 
Charleston, W. Va., who had been Vice-Chairman of the Water Puri. 
fication Division iii the preceding year, has specifically requested 
that he not be considered for the office of Chairman of the Division for 
the coming year. 

Upon the motion being made and seconded that the report on nom. 
inations be accepted and the Secretary be instructed to cast a unani- 
mous ballot for the individuals named, a vote was taken with no dis- 
senting voice. 

The Wednesday afternoon Joint Session program was made up of 
more general papers than the ones scheduled for the earlier sessions. 

The first paper entitled ‘The Economic Effects of Quality of 
Water with Special Reference to Soap Consumption” by H. W. Hud- 
son, of the University of Illinois, Urbana, IIl., discussed the economic 
advantage which could be expected in the saving of soap by the com- 
munity if the water was softened to a definite point, as for example, 
75 p.p.m. of hardness. The soap consumption of several communities 
was studied and an estimate of the saving which could be effected by 
water softening was made. The paper was essentially an extension 
with re-verification, of two earlier papers, “Soap Consumption and 
Water Quality,” by H. W. Hudson and A. M. Buswell, read before 
the Illinois Section in April, 1932 (Journal 24, 6, 859-866, 1932) and 
“Quality of Water and Soap Consumption” by H. W. Hudson, 
(Journal, 25, 5, 645-654, May, 1933.) 

A. M. Busivell; Chief, State Water Survey Division, University of 
Illinois, Urbana, IIl., in discussing the paper described the method of 
collecting data on soap use and the degree of codperation which it 
was possible to secure from the stores in the communities surveyed. 
Every store in each community was visited and only 4 to 5 percent 
refused to assist the study. 

The next paper by George W. Fuller, Consulting Engineer, New 
York, N. Y., on “Progress in Water Purification,’’ was eagerly listened 
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Research” was read in Mr. Powell’s absence by Prof. Frederick G. 


to because Mr. Fuller, a Past-President of the Association and one 
of those most responsible for the development of rapid sand filtration Ae a 
in America, could be expected to give an authoritative and 
balanced review of the field in which he had been so prominent. ee: 
The expectation was fulfilled. 3 

Linn H. Enslow, of New York, N. Y., called attention to the fact _ 
that, although chlorine treatment of water is usually considered to ia ee 
date from 1908, chlorine was actually used at Middlekerke, in Bel- _ 
gium, as early as 1902 by Dr. Maurice Duyk. (Early Use of Chlo- 2 ae 
rine, William Body, Journal, 23, 2, 283-284, February, 1931). Mr. 
Enslow stated that the process as in use at Middlekerke and Ostend _ at 
had been observed by the late Prof. George C. Whipple, who had _ 
reported it to this Association, but it apparently caused no discussion __ 
at the time. (“The Disinfection of Water,’ George C. Whipple, 
Proc. of the American Water Works Association, 26, 266, 1906.) 
(Note: Disinfection of water by chloride of lime was receiving study 
by Traube and others at least as early as 1894.) 

Sheppard T. Powell’s paper entitled “Industrial Water Purification 2 


Straub, Research Assistant Professor in Chemical Engineering, Uni- 
versity of Illinois, Urbana, Ill. 

Clarence R. Knowles, Superintendent of Water Service, Illinois 
Central Railroad, Chicago, opened the discussion on Mr. Powell’s 
paper. 
R. C. Bardwell, Superintendent of Water Supply, C. & O. Ralveed) 
Company, Richmond, Va., emphasized the need for continued study = 
of boiler water needs. The government’s Locomotive Inspection _ 
Bureau is as energetic in its line as is the United States Public Health a ia 
Service in its field. Locomotives have to pass testsifthey aretocon- = 
tinue to run. Barr, of the Union Pacific, said that 25,000 to 40,000 
miles is good service for the tubes of a locomotive boiler. Neverthe- 
less some of the tubes have lasted for 400,000 miles. Coughlin,ofthe 
Chicago and Northwestern, reported 68 engines which had over four 
years of service. Flues were thought to be giving good service if __ 
renewal was not necessary before fifteen to eighteen months. Now 
many flues last over two years. Much has beendonetoimprove the 
service of the locomotive boiler by improving the boiler water, but :. 
there are many things yet to be accomplished. PAu 

Ellis S. Tisdale, Director of the Sanitary Engineering Division of © Z ay 
the State Department of Health, Charleston, W. Va. was not ableto 
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attend the meoting. His paper, entitled, “The Work of the State 
Sanitary Engineer,” was therefore read by Prof. Lewis V. Carpenter, 
Sanitary Engineering Department, University of West Virginia 
Morgantown, W. Va. 

The concluding paper of the meeting was on the subject of “The 
Public Relations Value of the Water Works Laboratory.”’ It was 
read by its author, Harry E. Jordan, Sanitary Engineer of the Indian. 
apolis Water Company, Indianapolis, Ind. 

I. M. Glace, District Engineer, State Department of Health, Har. 
risburg, Pa., felt that the lack of publicity of the work of the water 
works laboratory was unfortunate. Any noticeable taste in a city 
water supply was usually blamed on the alum or chlorine by the 
consumer. Welcome at the water plant and explanation of the treat- 
ment processes by someone who can talk the language of the common 
man is most desirable. Yet some plants still have ““No Admittance” 
signs. 

James E. Kerslake, Chemist with Nicholas 8. Hill, Jr., Consulting 
Engineer, New York, N. Y., asked whether chloroamines were harm- 
ful to goldfish in the amounts usually present in treated waters. 

Linn H. Enslow informed Mr. Kerslake that the chloroamines were 
not harmful in such proportions. Jack J. Hinman, Jr., called atten- 
tion to the importance of temperature shock in killing gold fish. 

At this point in the meeting Chairman Joseph W. Ellms, of the 
Water Purification Division, relinquished the chair to George W. 
Pracy, President of the American Water Works Association, who 
announced that the Nicholas S. Hill Cup, awarded annually to the 
section showing the greatest percentage gain in membership during 
the year just closed, had been won by the Montana Section. Wade 
Plummer, Superintendent of the Butte Water Company, Butte, 
Mont., and retiring Chairman of the Montana Section, was officially 
presented with the cup and congratulated upon the growth of the 

Montana Section. Mr. Pracy announced that the California Section 
had stood second in the competition, with the Canadian Section third. 
_Themeetingwasthenadjourned. 
rets Bray od oJ Joy 
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Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


Peru, Indiana, Builds Filter Plant with Water and Light Plant Earnings. 
CuarRLEs BrossMAN. Public Works, 63: 11, 14-6, November, 1932. Former 
supply for this city of 12,000 was obtained from four wells 80 to 140 feet deep, 
yielding 3 m.g.d., and due to high iron content, troubles from crenothrix were 
frequent. Treatment in new plant includes aération (for iron removal), mix- 
ing, settling, filtration, and chlorination. Provision has also been made to 
add softening whenever desired without further construction. Auxiliary 
piping permits use of river as source of emergency supply. Entire plant cost, 
$160,000, was met from water and light revenues.—C. C. Ruchhoft. 


Mechanical Agitation by Motor Driven Paddles at Winnetka, Ill. Cari 
Lerpotp. Water Works & Sewerage, 80: 3, 103-4, March, 1933. Poor floc 
formation for want of adequate mixing was corrected by construction of six 
mixing basins, with combined capacity of 121,000 gallons, equivalent to reten- 
tion period of 30 minutes at plant capacity. Each basin is equipped with one 
set of paddles mounted on vertical shaft and powered with five-speed electric 
motor. Basins are operated in two parallel series of 3 each, one for each open 
coagulation tank. Experiments indicate best paddle speeds to be 3.0, 2.3, and 
1.5 r.p.m. for first, second, and third basins respectively. Results from 82- 
day test show average filter run of 35.24 hours and average filtration rate of 
1.40 gallons per square foot per minute.—C. C. Ruchhoft. 


Overcoming the Cost of Obsolescence at a Water Pumping Plant. J. BryaAN 
Mitter. Water Works & Sewerage, 80: 3, 100, March, 1933. Two old, ineffici- 
ent centrifugal pumps were replaced by new, single-stage unit at total cost 
of $950. Economies in power alone exceeded $1300 during first year.—C. C._ bie’ « 
Ruchhoft. 

Water Treatment on Pacific Lines of the Southern Pacific. DENNISTOUN | 
Woop. Water Works and Sewerage, 80: 3, 92-4, March, 1933. Lime-soda 
softening demands skilful operation to avoid foaming troubles and in course 
of time problem of sludge disposal becomes acute. These two factors prompted 
Southern Pacific to adopt zeolite process. At present 32 zeolite units, varying 
from 28,000 to 1,200,000 gallons in daily capacity, are in use. In some districts — 
using zeolite-softened water, it is necessary to use anti-foam boiler compound; 
but freedom from deposits more than pays for this additional expense. Zeolite-— 
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softened water had never before been used for locomotives in this country, — is 
C. Ruchhoft. 


Siatianaad of Powdered Activated Carbon for Water Works Use. A Dis. 
cussion. Martin E. Fuentse. Water Works and Sewerage, 80: 3, 86-8, W 
March, 1933. Effectiveness of activated carbon is influenced by temperature, te 
selectivity, and dispersion quality. Latter factor includes two terms, fineness F 
and suspendibility. Fineness is limited to that size which will be retained on 
the filter bed. Speed of adsorption is important, but there is no method ayail. 
able for its evaluation. In testing carbons it is essential to select a method 
which will be paralleled in plant performance and in which initial rate as well 
as total sorption will be taken into account.—C. C. Ruchhoft. 


An Unsafe Well in Solid Rock. Anon. Public Works, 64: 2, 40, February, 
1933. Tests on well drilled 500 feet in solid rock showed heavy contamination 
with sewage bacteria. Survey revealed proximity of recently abandoned cess- 
pools. Insertion of new casing to depth of 95 feet failed to exclude the infiltra- 
tion. By cleaning all cesspools and treating with chloride of lime, water was 
made safe after period of three months.—C. C. Ruchhoft. 
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Bacterial Efficiency of Water Purification. H. W. Srkexrer. Public 
Works, 64: 3, 26-8, March, 1933. Summary of work done by U. 8. Public 
Health Service since 1915 reveals following general conclusions. All processes 
of water purification are apparently governed by basic law similar to that of 
physical adsorption. Excluding chlorination, average Ohio River filtration 
plant was found to be more efficient than average Great Lakes plant, due to 
pH range of 7.8 to 8.2 of latter. Experimental data show rapid diminution of 
bacterial efficiency at pH values above 7.0. Variations in bacterial content 
both of raw waters and of effluents tend to follow law of logarithmic frequency 
distribution. It was found that frequency with which B. coli index exceeded 
its yearly average was 25 to 30 per cent in both Ohio River and Great Lakes. 
Bacterial efficiency may be increased by prolonged sedimentation up to 12 
hours and by increased use of coagulant. Double-stage coagulation-sedimen- 
7 tation has little or no advantage over single-stage treatment. Pre-chlorina- 
tion used in conjunction with post-chlorination has a decided advantage over 
either method used alone. For average plant with post-chlorination mean 
limit of 5000 B. coli per 100 cc. could be applied to purification of either Ohio 
River or Great Lakes waters. With both pre- and post-chlorination, this limit 
is increased to 20,000. Chlorination must be considered as essential factor in 
purification of river and lake waters, and not as mere operating factor of safety. 
—C.C. Ruchhoft (Courtesy Chem. Abst.). 


- 


Bleaching Clay in Water Purification. Epwarp M.Storum. Public Works, 
63: 9, 11, September, 1932. Recent experiments have shown that bleaching 
clay can remove color, odor, chlorine, sulphuric acid, and traces of phenol. 
When used with aluminum sulfate, it forms a heavy floc which settles rapidly. 
No unwanted chemical] characteristics are imparted by it to water. For re- 
ducing color, use of from 10 to 15 pounds of clay per million gallons of water — 
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Bean. Warer Works and Sewerage, 79: 9, 301-4, September, 1932. During 
_ four years following 1926, Providence, R. I., water supply received alum 
coagulation, followed by lime to prevent corrosion. Increasing number of 


(Courtesy Chem. Abst.). 


Ruchhoft (Courtesy 


is recommended. It has no affinity for gases.—C. C. 
Chem. Abst.). 


Water Supply Improvements at Farmington, Conn. Grorce H. Bocu. 
Water Works and Sewerage, 79: 8, 292-4, August, 1932. Open basin sand fil- 
ters were repaired and float-operated valve installed to prevent overflowing. 
Floating weir tubes maintained filtration at constant rate. New concrete 
clear well excluded unfiltered water. Chlorinating equipment was installed 
in thermostatically controlled structure. Operation was made practically 
automatic and water made safe at cost of $35,000.—C. C. Ruchhoft. 


Rapid Detection of Rates of Corrosion with Simplified Apparatus. Cioyrp 
M. CoapMan. Water Works & Sewerage, 79: 8, 282-4, 1932. Test specimen, _ 
prepared by grinding and polishing with no. 0000 emery paper, is projected by = 7 
means of spindle, through valve into liquid for required length of time. Mi- pa * 
croscopic examination determines extent of corrosion. Tests may be con- 
ducted without interrupting normal operating conditions.—C. C. Ruchhoft. fs 


Aération. Part 3. Present Practice of Aération. Jonn R. Bayuis. Water ey. ; 
Works and Sewerage, 79: 8, 275-81, August, 1932. Uses for aération include: 
removal of odors, carbon dioxide, hydrogen sulfide, iron, and manganese and 
restoration of dissolved oxygen. More efficient treatment for odor removal 
has been developed so that this use is unprofitable. When carbon dioxide con- 
tent is below 10 p.p.m., it is more economical to remove it by chemical treat- 
ment; above this concentration, combination of the two methods is desirable. 
For iron and manganese, aération continues to be the preferred method of re- 
moval. Removal of hydrogen sulfide by aération is not complete, since it is 
twice as soluble as carbon dioxide; but remainder is slowly oxidized if water 
contains dissolved oxygen. Restoration of oxygen in water supplies is always 
desirable and in some plants may be accomplished most economically by the 
use of air-lift pumps.—C. C. Ruchhoft (Courtesy Chem. Abst.). 


Ferric Iron Coagulation of Soft Water. Eart C. Craia and Exwoop H. is 


complaints of red water caused adoption of ferrous sulfate as coagulant. 
Dosages of 0.15 g.p.g. of copperas and 1.15 g.p.g. of lime resulted in complete 
removal of 0.05 to 0.75 p.p.m. of manganese and production of a stable effluent 
having pH of 9.6. Later, adoption of chlorinated copperas treatment reduced 
cost of chemicals by 20 percent. Ferric coagulant caused quicker floc forma- 
tion, more efficient sedimentation, and longer filter runs. Experiments indi- 
cated that ferric chloride and chlorinated copperas may be used interchange- 
ably, except that former may be used in dry-feed machine.—C. C. Ruchhoft 


Powdered Activated Carbon Used Without Filtration. Aron B. Huss. Pub- | 
lic Works, 63: 8, 13, August, 1932. Half of water supply, taken from lake con- _ 
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_ taining about 40 million gallons, is softened, mixed with equal quantity of un 

treated water, and pumped to storage tank. Destruction of heavy alg 

growth with copper sulfate produced bad taste and heavy turbidity. Entir 

_ lake surface was treated with 1100 pounds activated carbon. It was foun 

_ that carbon settled out in 24 hours with disappearance both of taste and tur 

ii. bidity. Total cost of treatment was $200.—C. C. Ruchhoft (Courtesy Chem. 
 Abst.). 


Specifications for Powdered Activated Carbon. Part 1. Joun R. Bayus 
_ Water Works and Sewerage, 79: 9, 311-14, September, 1932. At least 75 per 
cent should pass 200-mesh screen and 95 percent 100-mesh, by wet screen test 
mn Phenol adsorption test is suggested as most accurate method of determinin 
_ absorptive qualities. Thirty-five p.p.m. of carbon should reduce the pheno 
in a solution containing 0.10 p.p.m. to 0.01 p.p.m. when stirred for two hours. 
4 Carbons above this strength should command a proportionate premium, whil 
carbons below the specified absorptive capacity should be corresponding] 
_ penalized. Full directions for above tests are given.—C. C. Ruchhoft (Cour 
tesy Chem. Abst.). 


Treatment of Circulating Waters for Cooling Purposes. Cuas. P. Hoover 
_ Water Works and Sewerage, 79: 9, 317-8, September, 1932. For cooling syste 
3 where water temperature was 105°F. and pH, 8.8, following treatment was 
adopted. Raw water was lime softened, carbonated, and filtered through 

_ sand; such portion of this water was then removed, treated with zeolite, an 

oe returned, that resultant mixture contained 30 p.p.m. of calcium crbonaie. 
_ Chemical balance of final water was maintained by frequent tests and by th 

increase of carbon dioxide, or soda-ash, as- required. Sulphuric acid plant 

- produced a balanced water by adding sufficient sulphuric acid to supply to 


Abst.). 


Specifications of Powdered Activated Carbon. Part 2. Joun R. Bayuis. 
Water Works and Sewerage, 79: 10, 341-4, 1932. Complete details of modi- 


-Ruchhoft (Courtesy Chem. Abst.). 


Operation and Control of an Industrial Water Supply Reservoir. P. W. 
_ Frisk. Water Works and Sewerage, 79: 10, 355-6, October, 1932. Water for 
_ industrial purposes must be free from mineral matter, odors, and organic 
matter. When source of supply is impounding reservoir, considerable expense 
= may be saved by its proper control and operation. Drain at bottom of reser- 
voir is useful in preventing accumulation of organic matter. Evaporation 
= be considered in connection with organic matter concentration. Filter 


fe Purification of Public Water Supplies in the Orient. Jat. D. E. Benram. 
_ Water Works and Sewerage, 79: 10, October, 1932. Although most of larger 


_ keep alkalinity between 80 and 100 p.p.m.—C. C. Ruchhoft (Courtesy ae | 
| 


fied method for the quantitative determination of phenols.—C. 
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cities in India are provided with water systems, only cantonment cities can 
secure full pressure for 24 hours of day. Treaty ports of China are all aie 
with modern water supply systems, but elsewhere very few plants are in use: 
small towns are supplied from wells, rivers, and streams. In Japan, modern _ 
purification practice prevails. In general, most Oriental sources of water are | ee 
grossly polluted; usual coagulant is alum, applied with dry-feed machines, and 
chlorination is universal.—C. C. Ruchhoft. 


Where Dry Hypochlorites Pay in Water Works Practice. J. A. Krenue. > i 
Water Works and Sewerage, 79: 10, 359-61, October, 1932. Reported uses in- 
clude: chlorination of pipe lines after construction or repair, and of new pipe 
lines, reservoirs, and wells; control of algae in impounding reservoirs, or aque- 
ducts; oxidation and sterilization in rapid sand filters; standby service for __ 
emergencies; and intermittent service where size of installation does not war- — ns. 
rant outlay for liquid chlorine apparatus.—C. C. Ruchhoft (Courtesy Chem. — 


Abst.). 


Dollars and Cents Value of Water Softening. Ava. V. Grar. Water 
Works and Sewerage, 79: 11, 395, November, 1932. Recent survey determined © 
saving in soap effected by reducing water hardness by 77 p.p.m. to be $1.54 per _ a 
1000 gallons used for washing purposes. Based on population of 822,000, total re i + 
annual saving exceeds entire cost of purification.—C. C. Ruchhoft (Courtesy __ 
Chem. Abst.). 


Gravel Wall Wells on Shore of Lake Michigan. N.F. Yonxman. Water | 
Works and Sewerage, 79: 11, 384-6, November, 1932. Water supply of Grand 
Haven, Mich., was formerly secured from shallow wells, some of which, lo- 
cated on lake shore, became useless as lake level subsided. With construction ; 
of filtration plant, supply was taken from Grand River, midway between city _ a 2 ; 
and lake, resulting in heavy expenditure for chemicals and water having high - ' 
temperature and bad taste during summer months. As new source, five wells _ 
were sunk along lake shore and one, inland. Well screen is surrounded by 
24 inches of fine gravel and each well is capped with concrete andequipped with = , 
tight steel cover. The water is filtered and chlorinated and is 36 percent softer 
than that secured from river.—C. C. Ruchhoft. 


Railway Water Supply Practice. R.C.Barpweiu. Water Works and Sewer- - 
age, 79: 12, 403-6, December, 1932. Railway water supplies are preferably _ 
secured from surface sources; failing which, from wells. Type of well varies = ; 
with locality, but it is usually drilled. Storage tank capacity varies from 
fifty to five hundred thousands of gallons: newer tanks are of steel and con- 
crete construction. Sources of power, in descending order of economy, are 
fuel oil engine, electricity, and steam. Pumping units vary from 10 to 180 
h.p. in size and include plunger, centrifugal, and turbine pumps, air-lifts, and 
hydraulic rams.—C. C. Ruchhoft. 


The Need of a Reference Laboratory for Testing Activated Carbon. JouN , 
R. Bayuis. Water Works and Sewerage, 79: 11, 389, November, 1932. Stand- 
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ool ard reference laboratory would protect both manufacturer and consumer 


Material would be paid for according to its absorptive capacity. Formation 
peed of joint committee is suggested.—C. C. Ruchhoft (Courtesy Chem. Abst.), 


Experiences with Water Main Cleaning. Artuur T.Ciark. Water Works 
and Sewerage, 79: 12, 407-10, December, 1932. By means of special pit, con. 
structed around removable section of 16-inch main, 7-mile main is cleaned 
within less than five hours. Savings effected by cleaning twice yearly amount 
to $4800 per year.—C. C. Ruchhoft. 


The Action of Bacteria in the Tuberculation of Water Mains. F. W. Hay. 
MOND and ARTHUR GaFFEY. Water Works and Sewerage, 79: 12, 415, Decem- 
ber, 1982. pH values at which certain iron bacteria thrive best are as follows: 
Crenothriz, 5.8-6.4; Gallionella, 6.4-6.8; and Cladothriz, 7.0-7.2. Leptothriz 
it and Spirophylla are common from pH 5.8 to 7.8. For growth of tubercules, de. 
nuded area is essential; but smallest pinhole in pipe-coating is sufficient ny. 


Procedure for Making Odor and Taste Determinations. Joun R. Bayuis, 
Water Works and Sewerage, 79: 12, 425-6, December, 1932. Careful exclusion 


: = of outside air facilitates detection at very low concentrations. Method is 
applicable to both cold and hot odor tests and is made quantitative by deter- 
mining “threshold point.”’ Detailed instructions are given for preparation of 
an dilution water and of apparatus necessary and for performance of test.—C, C. 


Ruchhoft (Courtesy Chem, Abst.). 


bs Cost of Water Purification at St. Louis, Mo. Anon. Water Works and 
Sewerage, 79: 12, 438, December, 1932. With annual consumption of over 
_ . 42,000 m.g., average cost of purification was $10.22 per m.g., which is $0.66 less 
than that of previous year. Average analysis figures were: turbidity, 0.13 
p.p.m.; bacterial count, 10 per ml.; B. coli. 0.018 per 100 ml.; and hardness, 85 
Water Supply and Purification During 1932. Norman J. Howarp. Water 
_ Works and Sewerage, 80: 1, 1-5, January, 1933. Reviews construction, filters, 
flocculation, corrosion, water softening, taste and odor control, and chlorina- 
tion.—C. C, Ruchhoft (Courtesy Chem. Abst.). 


Accuracy is Essential in Making Residual Chlorine Determinations. Anon. 


_ is performed according to directions, false results will occur. It is especially 
_ important to wait 10 minutes after collection of the sample before adding re- 
agent and to wait five minutes before making reading. Failure to observe 

_ above rules resulted, in one case, in discrepancy of 0.3 p.p.m.—C. C. Ruchhoft 
(Courtesy Chem. Abst.). 


The Future of Water Treatment and Filtration. Joun R. Bayuis. Water 
_ Works and Sewerage, 80: 1, 27-31, January, 1933. Résumé of present practices 
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and forecast of future trends. Factors discussed include: coagulants and feed- ‘: 
ing devices; mixing chambers and settling basins; filters; chlorination; soften- 
ing; and water quality.—C. C. Ruchhoft (Courtesy Chem. Abst.). BS, 


Water Treatment for Railway Systems. R. C. BarpweLy. Water Works — 
and Sewerage, 80: 1, 9-14, January, 1933. Softening of railway water supplies — 
was initiated in 1891; since that time practice has so increased that at present 
about 40 percent of water used receives some form of treatment. Most com- 
mon is lime-soda process. Others, in order of their popularity are: soda-ash, __ 
or sodium aluminate, wayside plants; boiler compounds; and zeolite plants. vie = 
Most wayside plants are of continuous type and include flat-bottomed steel ie 
tank with a perforated pipe sludge collecting system and some type of chemi- = 
cal proportioning device. Simple filtration is but seldom found. It is more 
economical to combine clarification and softening. Drinking water is usually _ 
purchased from approved municipal source; when this is not available, water — 
from lime-soda softening plant is used, and de-causticized, if needful, by alum © 
treatment and filtration through small pressure filters.—C. C. Ruchhoft. 


Co-operation in Disease Prevention. T.B.Appret. Pennsylvania’s Health, 
11: 1, 5, January-February, 1933. Typhoid has disappeared as an urban dis- | 
ease and only lurks in rural districts. We had 3,917 deaths from typhoid in 
1906 and 205 in 1931. That is a triumph for sanitary engineering in the care 
of our water supplies and sewage disposal. We had low typhoid rates in both 
1930 and 1931, but a definite increase this year. No municipality in these days 
should permit its people to be served with water not properly protected from 
contamination, nor be willing for its sewage to be discharged into surface or 
underground waters to the detriment of its neighbors. In a city in western 
Pa. some months ago, the water supply was cut off for non-payment of water 
rent from a number of houses inhabited chiefly by negroes, who thereupon 
opened an old spring which had been condemned and closed on account of 
pollution. In due time typhoid broke out and some 40 cases were cared for in 
the municipal hospital. It is a question whether the care of these indigent 
patients did not cost the municipality more than the water rent would have 
amounted to.—G. C. Houser. 


Volumetric Sulfate Determinations and Limits of Error in Water Analysis. 
R. Scumipt. Z. anal. Chem., 82: 353-61, 1930. From Chem. Abst., 25: 756. 
February 20, 1931. Various methods of determining sulfate in water are dis- 
cussed and practical advantages of iodometric chromate method are pointed 
out. Three most promising adaptations of this method to water analysis 
appear to be procedures recommended by Bruns, NAcHTIGALL and RAEDER, 
and Készec1. Bruxns used suspension of barium chromate as reagent; 
NACHTIGALL and RagEpER, solution of barium chromate in 0.1 normal hydro- 
chloric acid; while Készear used barium chloride, precipitating excess barium 
with measured volume of potassium bichromate. In all 3 methods, filtered 
solution for final titration contained 1 Cr.0;-~ for each 2 SO,-~ originally pres- ae oe 
ent; this Cr,.0;-- was determined iodometrically. Results of 38 experiments _ 
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compared with gravimetric determinations of sulfate content of 15 samples of 
water showed that method of BruxuNs gave best values, that of K6szrar jg 
nearly as good, but that of NacuHTIGALL and RaEpER suffers from attempt to 
carry out precipitation at boiling temperature, whereby some bichromate 
is reduced by organic matter present. Following procedure was adopted as 
result of these experiments. To 100 cc. water in 200 cc. measuring flask add 
20 cc. barium chromate solution containing about 90 milligrams barium chro. 
mate dissolved in 0.2 normal hydrochloric acid. This quantity of reagent 
_ suffices for sulfate content of 280 p.p.m. (If nitrites are present, first add0.5 
ec. of 5 per cent NaN; solution.) Shake well and allow to stand 30 minutes, 
then neutralize by adding ammonium hydroxide carefully until solution 
assumes light, greenish yellow color; 10 drops of 25 per cent ammonia usually 
suffices. Make up to mark, mix, allow to stand 5 minutes, and filter through 
small dry filter. Discard first 20-80 cc. filtrate and take 100 cc. for analysis, 
Add 1 gram potassium iodide and 10 cc. 25 per cent hydrochloric acid and ti- 
trate with 0.1 normal sodium thiosulfate. Carry out blank with reagents, 
Results obtained by this procedure are excellent. Greatest deviation from 
gravimetric values was 6.3 p.p.m. It is pointed out that even this maximum 
deviation lies within permissible limits for water analysis.—R. E. Thompson. 


Rational Constants for Expressing the Results of Water Analysis. A. SuL- 

- FRIAN. Seifensieder-Ztg., 57: 805-8, 1930; cf. C. A., 24: 4105. From Chem. 
Abst., 25: 756, February 20, 1931. General review suggesting use of author's 
_ “Millinorm table” as standard in water analysis. By means of table the 
_ various German, French, and British degrees of hardness can be converted 
into each other and into chemical equivalents of lime, magnesia, etc., with 0,1 
normal solution per 100 cc. (=1/1 N per liter) as basis of calculation.—R. £, 
Thompson. 


Principles of Boiler-Feed Control. A. SutrriaN. Braunkohle, 29: 887-9, 
1930; cf. Rea@nt, C. A., 24: 5399. From Chem. Abst., 25: 757, February 20, 
_ 1931. Expression of analytical results in milli-equivalents instead of in arbi- 
_ trary hardness degrees is recommended.—R. E. Thompson. 


The Question of the Purification of Phenol Waste Waters. W. A. Uatow. 
_ Z. Hyg. Infektionskrankh., 111: 511-30, 1930. From Chem. Abst., 25: 758, 
_ February 20,1931. Possibility of bacterial destruction of aromatic compounds 
which have strong bactericidal action is established. Activated sludge from 
household waste shows outstanding specializing action for destruction of 
_ different chemical compounds. Destructive action can be increased by gentle 
_ aération. Phenol is easily destroyed in concentration of 1:550, but cresol and 
_ B-naphthol, less easily. Activity shows itself in loss of amount of sludge and 
air mixture, or in amount of sludge alone which is necessary for destruction of a 
unit of aromatic compound. Treated phenol waste water not only gives nega- 
tive phenol tests, but is also able to support fish life. Filtration through char- 
coal together with aération and sludge treatment gives best results.—R, E. 
Thompson. 
BAG Sewerage. 897 1, 27-41, 1993. of 
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Purifying Water for Domestic Use. Rosert Spurr Weston. Civil Engi- 
neering, 1: 197-201, 1930. From Chem. Abst., 25: 756, February 20, 1931. A 
review.—R. E. Thompson. 

Road Tars and Fish Life. Report of the Joint Committee on Damage to 
Fisheries. Surveyor, 78: 625-6, 641-2, 1930. From Chem. Abst., 25: 759, 
February 20, 1931. Purpose of investigation was to establish whether tar as 
used for surfacing roads was harmful to fish life; if so, which constituent was 
responsible, concentration necessary to produce toxic effects, and precisely 
how fish were affected. Yearling perch were selected as the experimental fish. 
First washings from tarred roads are definitely toxic to fish. Naphthalene in 
concentrations greater than 1 part per 100,000 is definitely toxic to shrimp. 
Loss of equilibrium was prominent symptom observed in fish poisoned with 
tar wastes. Crude tar diluted 1:1000 killed 1 fish out of 4. Aqueous extracts 
from road board tar were toxic in concentrations of 1 volume of tar extracted 
with 100 volumes of water. Aqueous extracts from synthetic tar, heavy oils, 
and coal tar pitch were toxic. Killing concentrations for perch were, in parts 
per 100,000: lowest with acridine, 0.07; p-cresol 1.0-1.5; phenol 0.9; pyridine 
100; isoquinoline 10; guaiacol 7-8; quinoline 4.5-5.0; naphthalene 4.0. Harm- 
ful effects of these substances on milt and ova of brown trout were demon- 
strated.—R. Thompson. 


Some Causes of Spots in Bleached Cotton Goods. J. Merritr MaTruews. 
Cotton, 95: 123-6, 1930. From Chem. Abst., 25: 820, February 20, 1931. 
Case is cited where occurrence of brown spots was eliminated by filtering water 
supply, which contained colonies of alginaceous material non-uniformly dis- 
tributed. Heating in the kier apparently rendered the organic substance 
lifeless and caused formation of variously sized masses of slightly agglutinant 
material which was forced into cloth by pressure of kier liquor. Deposit was 
not removed by washing, or subsequent processing, and apparently gave cloth 
the property of absorbing relatively large amounts of lime, as evidenced by 
ash. Brown stains did not appear until cloth had been stored They were not 
accompanied by weakening of fiber. It is suggested that glutinous material 
undergoes oxidation and drying, resulting in brown stain.—R. EF. Thompson. 


Protective Coatings for Iron and Steel. II. Paintsand Enamels. Henry N. 
Bassett. Ind. Chemist, 6: 293-6, 1930; cf. C. A., 24: 4498. From Chem. 
Abst., 25: 830, February 20, 1931. Detailed descriptions are given of method 
in use for removal of rust and scale, and forenameling. Discussion of proper- 
ties required in vehicle and of functions of pigment in rust-preventing paints, 
together with useful information on their application, is followed by informa- 
tion gathered from experience in protecting iron and steel from sea water.— 
R. E. Thompson. 


Effect of Ammonium Chloride upon the Results in the Determination of Mag- 
nesium by the Method of B. Schmitz. J.Maspeu. Z. anal. Chem., 82: 425-9m 
1930. From Chem. Abst., 25: 891, March 10, 1931. Experiments described 
show very clearly that in determination of magnesium as magnesium pyro- 
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phosphate correct results can be obtained when 20 times as much ammonium 
chloride as magnesium is present, but results are likely to be low with ve 
little excess ammonium salt present, or with too much ammonium chloride — 
R. E. Thompson. 


Determination of Small Amounts of Hydrogen Sulfide. W. V. Harsumax 
D. A. McPuerson and H. F. Epwister. J. Elisha Mitchell Sei. Soe., 46, 
54-61, 1930. From Chem. Abst., 25: 893, March 10, 1931. Experiments were 
made to test accuracy of various methods and suggestions are given for ob- 
taining greater accuracy. No method was found sufficiently accurate for de. 
termining hydrogen sulfide produced by microérganisms.—R. E. Thompson, 


Greensand Bibliography to 1930 (Annotated) with a Chapter on Zeolite Water 
Softeners. R. Norris Sureve. Bur. of Mines, Bull. 328: 78 pp. 1939, 
From Chem. Abst., 25: 899, March 10, 1931. Literature on use of greensand 
and zeolites in softening of water, together with other data, is classified and 
abstracted.—R. E. Thompson. 


The Velocity of Solution of Oxygen in Water. I. Susumu Mriyamoro and 
Trersuvo Kaya. Bull. Chem. Soc. Japan, 5: 123-36, 1930. From Chem. Abst., 
24: 3699, August 10, 1930. Solution of oxygen in water was studied by deter- 
mining rate of oxidation of sodium sulfite solution when air is passed through 
it at various velocities. Velocity of solution of oxygen, when concentration 
of oxygen in surface layer is kept at zero, can be expressed as linear function of 
velocity of air passed. From observed results maximum value of ratio of 
total number of molecules of oxygen which enter into water to total number 
of molecules of oxygen which collide with unit boundary surface per unit of 
time at 25° was calculated.—R. E. Thompson. 


Antimony Method for Sulfide Determination. A. J.Satieand E. A. Reise. 
Calif. Sewage Works J., 2: 208-9, 1929. From Chem. Abst., 24: 3728, August 
10, 1930. To 100-cc. sample add 1 cc. antimony solution (50 grams potassium 
antimonyl tartrate, K(SbO)C,H,O.-3H,O, per liter) and about 0.5 gram 
sodium chloride. After mixing, add 1 cc. hydrochloric acid (1:1) and compare 
with standard colors, correcting for turbidity and color by usual compensa- 
tion method. Volatile sulfides. By difference. Thoroughly aérate sample to 
drive off hydrogen sulfide and repeat as above to obtain fixed sulfides. Color 
standards are prepared with 1.05 cc. potassium dichromate (50 grams per liter), 
2.4 cc. cobaltous chloride (24 grams per 100 cc. concentrated hydrochloric acid 
diluted to 1 liter) and 10 cc. standard silica suspension (100 p.p.m.) made up to 
100 cc. in 4-ounce, clear-glass bottles, foreach 1 p.p.m. sulfur. Prepare stand- 
ards of 0.5 to 5.0 p.p.m. Method is marked improvement over present A. P. 
H. A. standard method, which is unreliable for sewage.—R. E. Thompson. 


The Application of Coatings on Steel Pipe to Prevent Corrosion. R. W. 
Branpt. Metal Cleaning and Finishing, 2: 243-4, 247, 1930. From Chem. 
Abst., 24: 3744, August 10, 1930. Discussion of value of oil coating. Require- 
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ments of various types of coatings for smooth and rough pipe surfaces are given. 
—R, E. Thompson. 


The Rust-Proofing of Iron and Steel Products. C. H. Procror. Metal 
Cleaning and Finishing, 2: 215-8, 231, 1930. From Chem. Abst., 24: 3744, 
August 10, 1930. Discussion of white and black rust-proof coatings and their 
advantages. Solution formulas and operating details for producing protective 
coatings on iron and steel are given.—R. EL. Thompson. 


Supplementary Studies of the Evans Theory. E. Maass and E. Lizsreicu. ; 


Korrosion u. Metallschutz, 6: 3, 49-53, 1930. From Chem. Abst., 24: 3744, 


August 10, 1930. Drop experiments were made on electrolytic iron with nor- 
mal potassium chloride, 0.1 normal hydrochloric acid, and 0.1 normal sulfuric 
acid as corroding media. Experiments were also made using same media, but 
with addition of chromate. Instead of allowing drop to fall upon plate, as 
Evans did, drop was continually in contact with plate and suspended from 
tip of pipet which was filled with corroding medium. Liquid was saturated 
with oxygen at 0°, so as to prevent oxygen absorption from air and to keep 
middle of drop at higher concentration than edge. Results showed attack to 
be under center of drop rather than at rim. When chromate was present, 
attack was more pronounced at rim, or else entirely lacking. Authors assume 
that electrolyte concentration increases in center of drop because of convec- 
tion currents induced by evaporation, bringing about attack either by greater 
concentration of corrosive constituent, or by decreasing solubility of oxygen. 
Passivifying solutions are said to afford more protection to metal area under 
center of drop for same reasons.—R. E. Thompson. 


The Distribution of Corrosion Occurring Under Liquid Drops. U.R. Evans. 
Korrosion Metallschutz, 6: 74-8, 1930. From Chem. Abst., 24: 3745, August 
10, 1930. Author shows results obtained by Maass and Lizsreicu (preceding 
abstract) to be in accord with theory of differential aération. Experiments 
with larger pipets further substantiate theory. Need for using neutral solu- 
tions in preference to acids is emphasized if theory is to be valid for interpre- 
tation of corrosion phenomena in region of pH in which natural water corro- 
sion occurs.—R. HE. Thompson. 


Diatoms and the Physical and Chemical Conditions of the Sea Water of the 
San Juan Archipelago. H.H.Granand THomasG. Tompson. Publications 
Puget Sound Biol. Sta., 7: 169-204, 1930. From Chem. Abst., 24: 3804, 
August 10, 1930. Number and kinds of diatoms in water in and around Puget 
Sound are correlated with depth, temperature, pH, chloride and oxygen con- 
tent, density, and osmotic pressure of water.—R. EZ. Thompson. 


Relative Importance of Hydrogen-Ion Concentration, Temperature, Dissolved 
Oxygen, and Carbon Dioxide Tension on Habitat Selection by Brook Trout. 
Cuas. W.Creaser. Ecology, 11: 246-62, 1930. From Chem. Abst., 24: 3834, 
August 10, 1930. Range of voluntary hydrogen-ion concentration extends 
from pH 4.1 to 9.5. Variations in pH appear to have no influence upon tem- 
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perature or dissolved oxygen limits set by trout. Temperature is the j impor- 
tant determining factor; maximum found in natural self- -sustaining trout 
streams is about 19°. Minimum dissolved oxygen requirement varies With 
4 temperature and is seldom reached in waters below 20°; when reached, it jg 

usually due to abundance of oxygen-consuming wantepiale: Carbon dioxide 
- tension is negligible factor. ‘‘Forest factor’’ is indirect expression of tem- 
perature control.—R. Thompson. 


A New Method for Purification of Water. Arrruri I. VIRTANEN and H. 
Karstr6M. Valion Laboratorion Julkaisuja, 1929, 8 pp. (Sep. Mitt. aus dem 
_ biochem. Labor. von Valio); Chem. Zentr., 1929, II, 82. From Chem. Abst., 
24: 3845, August 10, 1930. If water rich in bacteria is made alkaline to pH 
10.8-11.1 by addition of alkali, the gelatin-liquefying organisms Bacterium 
_ punctatum and fluorescens as well as bacteria of coli-aérogenes group are 
killed within from 1 to 1.5 hours. After neutralization with hydrochloric 
acid, water contains additional 0.03 per cent sodium chloride.—R. E. Thomp- 
son. 


A Note on an Apparatus Designed to Take Samples of Waters from Wells, 
Tanks, Etc.. at Stated Depths. R. B. Lau and Pr. Dauuat Ram. Indian 
Med. Gaz., 65: 260-1, 930. From Chem. Abst., 24: 3845, August 10, 1930, 
Description of simple apparatus for obtaining sanaples of waters at various 
_ depths for bacteriological examination.—R. EZ. Thompson. 


The Examination of the Atmospheric Precipitation. W. LizseGana. KI. 
Mitt. Ver. Wasserversorg. Abwiisserbeseitig. 4: 329-30; Chem. Zentr., 1929, 
II, 23; ef. C. A., 24: 2018. From Chem. Abst., 24: 3845, August 10, 1930, 
Reproduction is given of all analyses of rain water accessible in literature, 
giving data on dissolved gases, hydrochloric acid, chlorides, sodium chloride, 
iodine, sulfates, phosphates, nitrites, ammonia, nitrogen, lime, magnesia, 
hardness, iron and other metals, suspended substances, residue on evapora- 
tion, organic matter, hydrogen peroxide, and radioactivity.—R. E. Thompson, 


W. Haicu Jonnson. Analyst, 55: 325-6, 1930. From Chem. Abst., 24: 3846, 
August 10, 1930. Question has arisen with respect to removal of nitrites by 
boiling. It is maintained that this is possible but it must be remembered that 
if gaseous nitrogen peroxide is absorbed in sodium hydroxide, solution will 
contain sodium nitrite and nitrate so that only half the nitrogen is obtained as 
nitrite —R. E. Thompson. 


Purifying Water. Oscar ADLER and Rupotr Apter. Fr. 35,429, June 12, 
1928. Addition to 626,817. From Chem. Abst., 24: 3847, August 10, 1930. 
Water which has been treated with chlorine, before its passage over carbon, is 
passed over insoluble substances which can precipitate on their surface salts 
of iron and manganese in presence of free or active chlorine. Such substances 
include manganese dioxide, ferric oxide, and, in less measure, alkaline earth 
carbonates. Cf. C. A., 23: 227.—R. E. Thompson. 2tote heal 


Removal and Determination of Nitrites in Sewage Effluents and Waters. J. 
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The Blending of Pit Waters. C. N. Riptey. Colliery Eng., 6: 128, 147, 
1929. From Chem. Abst., 24: 3846, August 10, 1930. Economy in treatment 
of mine waters for boiler use may be effected by blending according toinforma- _ 
tion afforded by analyses.—R. E. Thompson. ; 


Factors Influencing Run-off and Soil Erosion. A. B. Conner, R. E. Dick- 
son and D. Scoatges. Texas Agr. Expt. Sta., Bull. 411: 5-50, 1930. From 
Chem. Abst., 24: 3851, August 10, 1930. A 17-year average shows only 60 per 
cent of total rainfall of Texas was absorbed by soil. Approximately 20 per 
cent of loss was due to evaporation and 20 per cent to run-off.—R. E. 


Thompson. 


The Permeability of Concrete to Water. C. R. Puatzmann. Tonind.-Zrg., 
54: 676-7, 718-20, 748-9, 1930. From Chem. Abst., 24: 3875, August 10, 1930. 
Survey is made of literature with nearly complete bibliography, and descrip- 
tion is given of surface-hardening methods and surface-protective coatings. 
Importance of grading of aggregate is pointed out.—R. E. Thompson. 


Dephenolization of Ammonia Liquor by the Koppers Vapor Recirculation Proc- 
ess. P.J.W1tson. Proc. Am. Gas Assoc., 1929: 934-6. From Chem. Abst., 
24: 3883, August 10, 1930. Process in use by Hamilton Coke and Iron Com- 
pary and by Philadelphia Coke Company is described. Cf. Hatcn, C. A., 23: 
3042.—R. E. Thompson. 


Removal of Phenols from Ammonia Liquor at the Troy Coke Plant. Ra.pa 
D. Wittrams. Proc. Am. Gas Association, i929: 937-40. From Chem. Abst., 
24: 3887, August 10, 1930. Benzene extraction process is discussed (ef. 
CrawForD, C. A., 21: 814, 3732; 23: 4046, and Jonus, C. A., 22: 2258). Phenol 
is liberated from hot sodium phenolate solution by treatment with sodium 
bicarbonate in this installation. Itemized net material and operating cost of 
$0.0078 per ton of coal has been found for 95 to 97 percent phenol recovery.— 
R. E. Thompson. 


Disposal of Waste from Gas Works. A. R. Powetu. Gas Eng., 47: 32-3, 
34, 1930. From Chem. Abst., 24: 3886, August 10, 1930. Treatments applied 
to phenol-bearing wastes are discussed. Methods include: evaporation of gas 
liquor, evaporation of still waste, coke quenching, preheating ammonia liquor 
entering still, extraction of phenols with solvents, removal of phenols with 
solid absorbents, biological treatment of still waste by admixture with large 
excess of sanitary sewage, and new Koppers Company’s process of steaming 
phenols out of ammonia liquors. Recent literature on subject is reviewed and 
extended bibliography is given.—R. E. Thompson. 


The Preparation of Water for the Manufacture of Nitrocellulose for Celluloid. 
Cur. Stark. Celluloid-Ind., 30: 15, 1573-6; 17, 1767-9; 1930. From Chem. 
Abst., 24: 3899, August 10, 1930. Illustrated review and discussion.—R. E. 
Thompson. 
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Notes on the Precipitation of Calcium as Calcium Oxalate. Max STinizp, 
Chem.-Ztg., 54: 422, 1930. From Chem. Abst., 24: 3965, August 20, 1930, It 
calcium oxalate is precipitated from ammoniacal solution, a little calcium ¢g,. 
bonate is likely to be formed. Correct value for calcium will be obtained jf 
precipitate is ignited; but if titrated with potassium permanganate, results 
will be a little too low. If, however, ammonium oxalate is added to acid 
solution, and boiling solution is then made slightly alkaline with ammoniyp 
hydroxide, results obtained by titration method will agree with those obtained 
by gravimetric method.—R. E. Thompson. 


Geochemistry of Iodine. S.S. Mrnoric. 11th Ann. Rept. Jugoslav. Med, 
Soc. (preprint) 49 pp. (1929). From Chem. Abst., 24: 3971, August 20, 1939, 
Different layers of earth contain following amounts of iodine in p.p.m., at. 
mosphere 0.0004, hydrosphere 0.04, biosphere 20, lithosphere 0.3, chalcosphere 
0.2, siderosphere 0.15. Iodine minerals being scarce, and possibility of 
inorganic concentration of iodine small, all economically important sources 
of iodine are due to biochemical processes by which iodine was concentrated 
in past. Relationship of distribution of iodine in soil to incidence of goiter jg 
discussed.—R. E. Thompson. 


Chemical Purification of Drinking Water. Journal of State Medicine, 39; 
677, 1931. From Official Circular of British Waterworks Association, 14: 98, 
43, February, 1932. Heyden Chloramine is para-toluol-sulphon-sodium- 
chloramide and has chlorine content of 24.4 percent. It is very soluble in 
water, is harmless, and is superior to chloride of lime in disinfecting power.— 
W. G. Carey. 


Phosphate Determination in Boiler Water. A. SutFr1an. Chemiker-Zei- 
tung, 56: 650-653, 1932. Most methods are subject to interference by silica, 
only suitable one being Fr1Gu’s micro-method, depending on blue color formed 
on oxidation of benzidine by phosphomolybdates. Author’s modification 
identifies 1 p.p.m. P.O; in presence of large excess of silica. Method is made 
quantitative by dilution and color matching, filter paper used being placed on 
white tile—W. G. Carey. 


The Estimation of Resistance in Filters Caused by Floating Matter in River 
Water. J. H. Linscnoren. Water en Gas, 227, November 13, 1931. From 
Water and Water Engineering, 34: 400, 91, February 20, 1932. Sample is 
filtered at constant pressure through No. 25 plankton gauze, on which it leaves 
adherent deposit. This is tested for permeability by filtered water from mains 
at constant pressure. Drum driven by clockwork carries strip of paper on 
which quantity filtered in given time is automatically recorded. Speed of 
filtration may be compared with that through clean gauze. Records may be 
fixed with shellac and preserved.—W. G. Carey. 


The Practical Problems of Corrosion. S. C. Brirron and U. R. Evans. 
Chemistry and Industry, 51: 28, 211-218T, July 8, 1932. Interim report on 
tests of some two thousand specimens for protective painting show that 
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wrought iron and copper-steel, properly painted, appear to give better service 
than ordinary steel, owing to more adherent character of rust. Electrolytic 
jron develops rust more slowly than steel at first, but after 2} years there is 
little to choose. Single coat of red lead gives almost complete protection to 
good steel for period long enough to produce perforation (0.32 mm.) in un- 
painted specimen.—W. G. Carey. 


Construction Features of Thirty-Million-Gallon Covered Reservoir at Lonis- 
ville, Kentucky. Manufacturers’ Record, pp. 30, 31, Sept. 1932. Cardinal Hill | 
reservoir of Louisville Water Co., of 30-m.g. capacity and divided into two 
compartments, is of reinforced concrete construction, with vertical side walls, 
columns, and roof, and carries one foot of earth cover. Dimensions are 392 x 
505 feet x 20 feet deep. Walls are 24-inch at footing, 12-inch at top. Roof 
slab is 8 inches thick, and supporting columns, twenty inches diameter, are 
spaced at 20-foot centers in both directions. Floor slab is 6 inches thick, with 
pitch to inlet pipe. One-half of reservoir is in excavation, the other half em- 
banked. Excavation totaled 880,000 cubic yards, including only small amount 
of rock, and was used for roadway 3800 feet long x 20 feet wide. Equipment 
used is described. Concrete totaled 14,047 cubic yards of 1:2:4 mix: besides 
which 1380 cubic yards of 1:4 3:7 mix were used to bring bottom to grade after 
rock excavation. Concrete plant is described. Floor and roof slabs were 
kept wet for three weeks: walls were wetted by perforated pipe ring. Form 
work required 225,000 feet B.M. Of Kosmos cement, from mill 8 miles from 
site, 22,270 barrels were used; of }-inch to l-inch reinforcement, 1350 tons. 
Sand and gravel pits were 11 miles distant. In leakage test on completion, 
level fell only 345 inch in 6 days. Sixty-inch motor-operated gate controls in- 
flux and efflux of water. Job included new pipe line of 48-inch and 60-inch 
reinforced concrete, 7.25 miles long, locally made. Plant was designed by 
Alvord, Burdick, and Howson.—L. B. Besselievre. 


Demopolis, Ala., Erects Quarter-Million-Gallon Elevated Tank on Self- 
Liquidating Basis. F. E. Buackspurn. Southern City, page 12, November, 
1932. Small plants often experience difficulty in selling water at reasonable 
rates and at same time setting aside sufficient surplus to retire bonds. Facing 
water shortage, with consequent high insurance rates, and an unpotable supply, 
financial set-up of Demopolis was revamped. Ample supply of potable water 
for domestic use and fire protection was provided. Extensions needed were 
made and revenue increased to yield sufficient surplus to finance improvements. 
Program was completed in 1927. Customers have increased by 80 percent and 
revenue by 40 percent in one year. Ample fire supply has secured new insur- 
ance rating, saving consumers $18,000 yearly in premiums. Overhead has 
been reduced 20 per cent. Added storage was needed; local bank loaned funds 
for construction of 250,000-gallon elevated tank and monthly payments on 
loan are made from receipts. Tank is of ellipsoidal bottom type.—E. B. Bes- 
selievre. 


Water Purification and Distribution. J. E. Lytzs. Southern City, No- 
vember, 1932, pp. a Mission of water department is to furnish adequate 


Car. 
sla | 
; 
acid 
. 
ined 
Med. 
930, 
at. 
y of 
rces 
ited 
ig 
39; 
im- 
in 
ed 
on 
de 
D 
or 
n 
a 
Ke 
f 
) 


ABSTRACTS OF WATER WORKS LITERATURE [J. A. W. w, 4 
and uninterrupted supply of hygienically safe, reasonably soft, practically 
colorless, tasteless, and odorless water. Water leaving plant with these attri. 
butes frequently picks up pollution previous to discharge at consumer’s fau- 
cet; to which point, therefore, vigilance of water department should extend, 
Red water, corrosion of pipes, and deposition may be prevented by suitable 
adjustment of calcium carbonate and free carbon dioxide. Dead ends should 
be blown every two weeks to avoid corrosion. Bacterial contamination of 
treated water may occur in reservoirs and tanks, aftergrowths and bird polly. 
tion being chiefly responsible. At Tampa, Fla., chloramine, started in May, 
1930, relieved these troubles. Chloride of lime is used to sterilize new mains, 
Causes of odors and tastes in Florida waters are listed and described. Most 
effective methods for eliminating complaints at Tampa, have been (1) use of 
ammonia, (2) lime to prevent corrosion, (3) systematic treatment of coagula. 
tion basins with copper sulphate, and (4) systematic flushing of dead ends, 
Distribution system should be considered as part of purification plant and 
phenomena controlled to house faucet.—H. B. Besselievre. 


Occurrence, Causes, and Cure of Hard Waters. Southern City, November, 
1932, p.17. Two hundred municipalities in U.S. now soften water. Although 
extra cost involved is frequently opposed, yet it is believed that industry, 
generally, favors softening. Laundries, power plants, ice plants, canning 
factories, and railroads require soft water and install their own plants if none 
available. Leading points to be considered in studying softening projects are 
given. Cost of softening plants ranges from $35,000 to $75,000 per m.g. of 
daily capacity. Cost of operation is about 1} cents per 1000 gallons which 
averages about 11 cents per part per m.g. of hardness removed. Increase of 
softening among southern municipalities is probable with help from R. F. C.— 
E. B. Besselievre. 


The Engineering Problem of the Peru Water Works. Municipal League 
Review, 4: 1, 9-12, October, 1932. Peru, Ind., was seriously troubled with 
iron in deep well supply. Marked odor prevailed, due to Crenothriz. Re- 
quirements for new plant included eliminat‘on of iron, provison for handling 
river water if necessary, and also softening, additional expense for which was 
small. Flow sheet shows: preliminary aération; coagulation with 25-minute 
mixing; settling in two basins equipped with Dorr clarifiers, with total reten- 
tion of 4 hours; 4 filters for present use with total capacity of 3 m.g.d. and 2 
extra units for future capacity of 4.5 m.g.d.; and 300,000-gallons clear well 
from which water is pumped to million-gallon reservoir on hill. Special pre- 
cautions are taken to exclude dust and dirt. Complete bacteriological and 
chemical laboratory is included. Plant was constructed from excess funds of 
municipal light and power plant, at total cost of $166,000. The pleasing ex- 
terior is of buff pressed brick; interior, of glazed tile, with mosiac floors and 
concrete slab roof with celotex insulation. Capacity is deemed sufficient for 
60 years. Plant includes pumping station in bottom of Wabash River, bottom 
of building being 14 feet below river, with two inlets and two outlets. There 
are 4electric-driven pumps. Service for fire hydrants, street department, and 
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parks is supplied free. Municipal electric plant supplies power to water plant. ae : 
B. Besselievre. 


Manganese in Impounded Water. Rosert Spurr Weston and Arrmore E. 
 Grirrin. Water Works Eng., 85: 22, 1314, November 2, 1932. Decomposition 7 
of organic vegetable matter at reservoir bottoms results in acid conditions and a ; 
consequent solution of manganese. This is particularly noticeable when _ 
hydrogen sulphide is present. Fall overturn distributes manganese through 
whole body of reservoir. Oxidizing but slowly, it permeates the distribution 
system. As compared with iron, pH necessary for rapid oxidation of man- 
ganese is relatively high. Contact with highly alkaline concrete surfaces, _ Re 
or with manganese bacteria lining inside of pipes will result inoxidationand = 
precipitation with consequent ‘‘black water.’’ ortho-Tolidine test may be ae 
seriously affected by manganese and should be controlled, or supplemented. 
Manganese is most apt to occur in new reservoirs. Nuisance can be greatly 
minimized by drawing off bottom water during periods of stagnation. Authors 
include 4 tables of analyses of various waters and two figures showing variation 
with depth of manganese content in Wanaque Reservoir.— Lewis V. Carpenter. 


Treatment of Highly Turbid Water. Hersert A. Hartune. Water Works 
Eng., 85: 22, 1310, November 2, 1932. St. Louis County WaterCompany draw 
their supply from Missouri River. Raw water turbidity varies from 150 to 7 
17,000 p.p.m.; hardness, from 120 to 240 p.p.m.; alkalinity, from 80 to 170 
p.p. m.; and pH, usually, from 7.7 to 8.1. Turbidity may increase by from 
1000 to 2000 p.p.m. overnight. Maxima which effluent from final settling basin 
must not exceed are: hardness, 100 p.p.m.; turbidity, 5p.p.m. Treatment con- 
sists of lime dosage (which may be omitted with high turbidities), preliminary 
settling with 4 to 6 hours detention, chemical dosage with 15 to 25 minutes 
mixing, primary coagulation with about 10 hours detention, addition of CO, 
with secondary mixing of 20 to 30 minutes, and final settling in clear water 
reservoir of three-day capacity. Quick lime, aluminum sulphate, and ferrous 
sulphate, are coagulants used. Lime added to raw water improves settling ad 
and permits longer softening reaction. Approximately 50 tons per day of ea 
solids are removed. Treatment is controlled by laboratory tests.— Lewis V. = 


Carpenter. 
> 
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Appropriation of Water. Leo T. Parker. Water Works Eng., 85: 22, 1321, ‘c 
November 2, 1932. Municipality may legally obtain water for its inhabitants _ 
from any source not being utilized or needed for consumption by inhabitants of r ag 
another municipality. In case of non-navigable lake, legal title of riparian = 
owner extends to center of lake, entitling him to recover compensation from js 
municipality for appropriation of water therefrom. Congress has exclusive 
right to grant permit to use land or water which belongs to United States. | 
Municipality which owns land having thereon a running stream, may without _ 
liability construct dam thereon, providing obstruction does not result in in- 
jury to upper riparian owners, and providing also that dam does not detain 
unreasonable quantity of water from flowing over lower lands. Municipality 
may be liable i in for i injury to property from impounding or 
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- overflowing of water necessary for supply project. Any state law, Provisions 
___ of which are reasonable and non-discriminatory, which is intended to prevent 
damage to real property as result of negligence of other land owners, is valid, 
ae Any reasonable and non-discriminatory city ordinance is valid and enforee. 
_ able which impliedly or expressly is authorized by a state law. Many courts 
have held that before a person or municipality appeals to court, regarding in. 
efficiency of water service or failure to provide water supply, it is necessary 
that complaint be reviewed by Public Utilities Commission. Impossibility, 
_ through loss of charter, or destruction of mains, to fulfill a contract is no bar 
_ to action for damages for failure to furnish water according to terms of con- 
tract.—Lewis V. Carpenter. 


4 


‘Filtration Plant Capacity Doubled. J. E. Jaaarr. The American City 
ns isi 47: 6, 49-52, December, 1932. Until 1931, filter plant at Wetumpka, Alabama, 

was operated 22 hours daily and enlargement was deemed advisable. New 
construction included raw water pump, coagulation basin of electrically welded 

_ }-ineh steel plate, and small chemical building. Second filter unit was accomo. 

_ dated in existing filter building. Details both of construction and of opera- 
— tion are given.—Arthur P. Miller. 


Revenue is Affected by the Sizes and Maintenance of Water Meters. Loran 

} D. Gayton. The American City, 47: 6, 56-58, December, 1932. Meter 

survey instituted in Chicago during 1926-1931 resulted in 2582 replacements 

_ with smaller sizes, with increase of over $500,000 in revenue, further gain due 

to closing and sealing of certain meters, collection upon evidence furnished 

_ by tests of sundry disputed arrears, and other less measurable advantages. 

Testing, or recording party consisted of junior engineer, laborer, and light truck 

using from six to eight recorders, and, obtained daily from four to six 24-hour 
-records.—Arthur P. Miller. 


_ A Progressive Water Works in Eastern Tennessee. THEODORE REED KeEn- 
pALL. The American City, 47: 6, 69-71, December, 1932. Description of 
water supply system of Greenville, Tenn. Primary source of water is Indian 
Spring; secondary, Nolachucky River. Spring supply is hard and requires 
softening and will eventually, therefore, be superseded by river. Treatment 
and filter processes, power plant, and pumping equipment are discussed.— 
Arthur P. Miller. 

a 

‘Zine in Water Supplies. E. Barrow and O. M. Wetate. Indust. & Eng. 
Chem., 24: 4, 463, April, 1932. From Bull. of Hyg., 7: 11, 718-719, November, 
1932. Convenient field test to detect zinc is to fill Pyrex tube containing 1 
ec. sulphuric acid two-thirds full with sample, add 1 ce. 10 per cent potassium 
ferrocyanide solution, and shake. Sample containing 1 p.p.m. of zine will 
show slight opalescence in a few minutes and one containing 5 p.p.m., strong 
opalescence almost immediately. Numerous waters of zinc-producing areas, 
in which zine contents varied from zero to 50 p.p.m., appeared to be used by 


men and cattle without harmful results. [See also TaH1s JouRNAL, 24 :12, 2040, 


December 1932.—Anstr.]—Arthur P. Miller. 
* 
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_ Water Sampling Apparatus. Surveyor, 82: 207, 1932. From Bull. of Hy- 


The Selection of a Dilution Water for Bacteriological Examinations. C. T. 

BUTTERFIELD. J. Bacteriology, 23: 355-68, 1932. From Bull. of Hyg., 7: 11, Pe 
725, November,1932. Diluents tested were distilled water, bicarbonate solu- che a 
tion, phosphate buffer, dilute mineral-salt solution, and Cincinnati tap water, = 
In plates poured immediately from final dilutions, no significant varia- ; 
tions were observed; but when diluted samples were allowed to stand 15to30 
minutes before plating, discrepancies appeared, distilled water and bicar- — 
ponate diluents yielding lower counts than the others. Dilute mineral-salt | ; 
solution and tap water gave most consistent results.—Arthur P. Miller. 


Activated Carbon and Its Industrial Applications. ALBERT GODEL. Chimie 
et Industrie, 29: 3-17, January, 1933. After rapid summary of history and 
nature of activated carbon, author discusses its principal characteristics, pe: fas 
methods of manufacture, and uses, viz., decolorization and purification of 
liquids, adsorption and recuperation of volatile solvents, protection against __ 
poisonous gases, various catalytic applications, etc. No special mention is 
made of its use in water treatment.—R. Del. French. 


pon 8: 1, 58-9, January, 1933. New apparatus, devised at Hungarian State — 
Institute of Hygiene, is described in detail, with cut of its cross-section. Es- __ 

sentially, it consists of two superimposed containers. Water enters lower 
container and passes through it into upper. Before upper container is filled, 
lower one has been refilled three times. Apparatus has only one variable valve, 
which can be set so that filling commences at previously determined depth, _ 
so that samples can be obtained at any desired depth. Device hasbeenfound 
indispensable in sampling deep wells and boreholes.—Arthur P. Miller. in 3 


The Katadyn Process and its Application. A. Karsten. Naturforscher, _ 

8: 322, 1931. From Bull. of Hygiene, 8: 1, 60, January, 1933. Only clear 
waters are suitable for treatment with katadyn, so that filters are frequently — 
used in conjunction. As bacteria do not grow through a katadyn pressure- 
filter, it is suitable for treating water supplies for druggists andthelike. With 
a weak electric current, rate of solution of silver can be increased to reduce 
contact period needful. Suitable katadyn sterilizers are available for ships, __ 

railroads, and troops. Katadyn-treated water has disinfecting powers which 
make it useful in many industries.—Arthur P. Miller. : 


The Oligodynamic Action of Metals. Experimental Study and Application to 
the Purification of Drinking Water. M.PitopandF.Copvetie. Ann. d’Hyg. 
Pub., Indust. et Sociale, 9: 654-94, 1932. From Bull. of Hygiene, 8: 2,137-8, 
February, 1933. NarGEui named disinfectant action of water in which silver | 
had been immersed ‘‘oligodynamic action.”’ Silver, copper, zinc, nickel, and 
arsenic possess oligodynamic properties. Lead, iron, and tin are practically 
inert. Water can be made active more quickly, if oxygen or carbon dioxide 
be bubbled through it while metal is in contact. Temperature increase also 
accelerates activation. Conclusion is reached that process cannot yet be 
recommended for purification of drinking water, because presence of suspended 
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matter would be likely to inhibit the action. Reservoir surfaces might act as 
adsorbents and set up inhibition.— Arthur P. Miller. 


Unemployment Relief Funds for Public Works 1933. Prepared by Engineer. 
ing Societies of Boston, Assisted by Emergency Planning and Research Bureau, 
Inc. In this report the term ‘‘Public welfare assistance’’ refers to the relief 
normally given by a municipal welfare department to a pauper, and “unem. 
ployment relief’’ refers to wages paid by a municipality for work done by a 
person who has become practically destitute from lack of employment. The 
1932 welfare expenditures of some forty municipalities in the Boston Metro. 
politan Area were nearly $5,000,000 in excess of what they normally would have 
been, owing to the widespread unemployment caused by the present economic 
depression. Yet many of these municipalities have overlooked the possibility 
of planning unemployment relief work with a view to creating tangible public 
improvement of a permanent nature; scarcely 20 percent of the excess expendi- 
tures to relieve unemployment have been used for such work. Public works 
which are especially well adapted for unemployment relief projects include: 
development of cemeteries, parks and playgrounds, sewers, drains, watermains, 
buildings, and highways. Unemployment relief work of a temporary nature 
should be financed by private contributions supplemented if necessary by direct 
tax levy; relief work of a permanent nature should be financed, in the same 
manner or by bond issue. Private job finding, although not classed as public 
works, should be an important activity of every unemployment relief 
campaign.—A. W. Blohm. 


Distribution of Mottled Enamel in the United States. H. Trenp.ey Dnay, 
Jour. Amer. Dental Association, 20: 2, 319, 1933. Results of a survey to deter- 
mine the distribution of mottled enamel in the United States. Questionnaires 
were sent to 415 dental societies and to 1013 dentists in areas where no society 
existed. 207 replies were received from societies and 572 from individuals. All 
reports which were in the least doubtful were eliminated. Where reports from 
several different men in a county called attention to an area where mottling of 
enamel is probably endemic they were included in this paper as ‘‘reported 
areas,’’ so that others interested in mottled enamel may prove or disprove 
them by surveys. Seventy-three localities are listed in this report as “re- 
ported areas”’ in addition to the seventy which have already been reported in 
the literature. Five of the seventy-three areas, Windsor, N. C., Conway, 8. 
C., Fairbury, Ill., and rural areas in Hickmen and Maury counties in Tenn- 
essee, have been confirmed by personal survey.—A. W. Blohm. 


Physical Treatment of Municipal Water Supplies. Henry T. Horcukiss, 
Jr., and Wm. P. Durst. Presented before the Local Branch A. S. C. A. in the 
lecture hall of Georgia Tech. Eng. Bldg., January 13, 1933. The writers discuss 
the chemical charges produced by atmospheric gases upon rain waters and the 
reactions which take place causing the water to be corrosive or scale forming. 
Five requirements are given for water treatment: a minimum of material 
added to the water; no poisonous or detrimental ingredient to be added; no 
effect on the potability of the water; flexibility of treatment to meet ordinary 
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fluctuations, and economy inuse. ‘The use of an organic material such as the 
peptized tang extract, meet these requirement. Because their action is not 
based on chemical equivalence, but on the physical properties of adsorption, 
absorption and protective action of a colloidal nature, only relatively small 
amounts are needed.” These extracts, of vegetable origin, are fit for human 
consumption, do not alter the taste or odor of the water, and a potential effec- 
tiveness is always maintained to take care of fluctuations in the character of 
the raw water. The material is in the sol condition and by proper processing 
is limited to colloidal particles of micronic dimensions. These particles carry 
an electro-negative charge which governs the polar adsorptive properties of 
the material. Positive ions such as Ca and Mg where present in water are 
attracted to the surface of the negatively charged sol particles, the charges 
mutually neutralized, and gel formation takes place. These gels are minute and 
remain dispersed throughout the solution. These gels have the power to 
remove impurities from solution, oxygen and carbon dioxide are adsorbed and 
slight oil contaminations are absorbed. Where suspended matter is present, 
a sheath is thrown around each individual particle preventing the formation 
of scale bound by interlocking crystal growth. The protective action of the 
colloid prevents the deposition of solid crystalline masses, not only on cold 
pipe, but on the heating surfaces of boilers using the water. The formation of 
scale is prevented, and the further advantage of scale removal is obtained with 
slight excesses of the dispersed material. The sols penetrate and soften old 
scale, gradually disintegrating them.—A. W. Blohm. 


Governor Roosevelt Acts to Stop Lake Erie Pollution. Health News, New 
York State Department of Health, 8: 31, 125, August 3, 1931. Progress in the 
elimination of the pollution of Lake Erie and the Niagara river by sewage from 
Buffalo and neighboring municipalities is indicated as a result of a hearing 
before Governor Roosevelt in the Executive Chambers on July 10. The Gov- 
ernor explained that the State has embarked on a five-year program for the 
elimination of the pollution of streams by sewage from state institutions and 
that the State wishes Buffalo and the other eight cities and villages involved to 
submit positive evidence of plans to end the contamination of Lake Erie, its 
tributaries and the Niagara river by untreated sewage. These communities 
were asked by the Governor to submit to him plans for sewage disposal by 
November 1, 1931.—A. W. Blohm (Courtesy U. S. P. H. Eng. Abstracts). 


River Pollution from the Standpoint of Water Undertakings. J. F. HasEr- 
DINE. Journal Royal Sanitary Institute, 51: 7, 417, January, 1931. This 
speaker placed before the Royal Sanitary Institute’s Conference on the Pollu- 
tion of Rivers and Streams the thought that there should be cordial coépera- 
tion between the river pollution boards, the river conservancy boards and the 
water supply authorities. He cited two cases of his own experience in which 
sewage banned from a stream by ariver pollution board had been disposed of 
through vertical drainage to chalk formations from which domestic water 
supplies were being pumped.—A. W. Blohm (Courtesy U. S. P. H. Eng. 
Abstracts). 
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River Pollution from the Standpoint of Fisheries. J. M. Taxon. Journal by 8 
Royal Sanitary Institute, 51: 7, 423, January, 1931. The principal basis Upon coul 
which this speaker, appearing before the Royal Sanitary Institute’s Confer. wate 
ence on Pollution of Rivers and Streams, places his plea for control of stream duri 
pollution is that of the menace to shellfish growing areas, particularly oysters tion 
and mussels. He cites the “Encyclopoedia Britannica” as authority for the and 

estimate of oysters taken around the coast of Great Britain as one billion per 
annum in 1880, prior to discharge of sewage into the sea, while forty years later Ss 
it had been reduced to 40 million and in 1929 to 8 million.— A. W. Blohm (Coup. Ariz 
tesy U.S. P. H. Eng. Abstracts). take 
and 
The Ruhrverband. Karu Imuorr. Third Edition, July, 1930. Published for 
by Carl Heymanns Verlag, Berlin W 8. This publication gives a description pore 
of the Ruhr territory, a discussion of the history and administration of the rece 
_ Ruhrverband, and a discussion of its technical work.—A. W. Blohm (Cour. stre 
 tesy U. S. P. H. Eng. Abstracts). und 
late 
Methods of Well Construction. Put Martin. Arizona Public Health tion 
News, 64: 63, June, 1931. The first consideration in well construction is to wat 
select a suitable site. Other considerations are: topographical and geological ton 
a features, and the location and character of other wells in the vicinity. The pre| 

7 character of the soil determines the kind of a hole that shall be dug, and the 
= < kind of casing to be installed. From a sanitary standpoint the drilled cased 1 
——— well with the sealed casing at the top is the safest type of well to construct.— G.. 
A.W. Blohm (Courtesy U. 8. P. H. Eng. Abstracts). 
sol 
ai Notes on the Determination of Biochemical Oxygen Demand. Wi..iam D. pur 
HATFIELD and KennetH H. Morxert. Sewage Works Journal, 2: 4, 521, etc 
October, 1930. Conclusions reached as a result of routine B. O. D. determina- gas 
tions at Decatur Sanitary District laboratories are: Dilution method for wit 
__-B. O. D. accurate to 5 percent if (1) incubation bottles thoroughly cleaned, pos 
_ anc (2) if dilution water is not toxic to normal bacterial flora and is stabilized the 

“5 _ with regard to its own organic matter content. Distilled water should not be 

used for dilution water because it is toxic and gives low results. Distilled 
water containing 500 p.p.m. of sodium bicarbonate is a better dilution water He 
but gave lower results than natural waters. A standard dilution water con- ste 
taining calcium, magnesium, sodium, bicarbonate, sulphate and chloride ions pre 
ss should be adopted. Softened and chlorinated tap water gave bad results. we 
a 4 Rubber has an oxygen demand and rubber stoppers should not be substituted all 
for glass stoppers. Direct measurement of samples into calibrated incuba- sh 
tion bottles gave results comparable with the standard dilution technic as low ‘ie 

4 as 1 percent dilutions.—A. W. Blohm (Courtesy U. S. P. H. Eng. Abstracts). 

9 Abatement of Cross Connections. Weekly Bulletin, California State, De- ge 
; ey partment of Public Health, 10: 18, 71, June 6, 1931. Describes several cases Ac 
: of eross connections to public supply of polluted bay water at San Diego. (1) 60 
a q Cooling table on top of three story building close to water front, uncovered br 
: a and open; bay receives untreated sewage from City, contamination brought ba 
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by sea gulls; when pressure in cooling line was lowered contaminated water - 


could siphon back into city supply; (2) at fish markets during high tide bay 
water used for cooling and washing; systems could not furnish enough water 
during low tides so city water was used and to accomplish this a cross connec- 


tion was made. All lines from the bay are now disconnected from city supply _ 


and made separate.—A. W. Blohm (Courtesy U.S. P. H. Eng. Abstracts). 


Survey of Underground Resources in Texas in 1930. CuresTeR CoHEN. 


Arizona Public Health News, 64, 59, June, 1931. The quantity study under- a 


taken by the survey has included geological determinations of the character 
and properties of the various water bearing sands, plotting the outcrop area 


for each particular water bearing strata available for furnishing water. The re 


porosity and permeability to the water bearing sands, the amount of recharge — 


received per year by each underground water basin by rainfall and loss in 


stream flows crossing outcrop areas, the amount of annual withdrawal through 


underground leakage or through pumping and flowing wells has been caleu- hits 


lated. The study has also included studies on salt water pollution and infiltra- 
tion into fresh water strata, extensive chemical analyses of various wells and 
water zones. Samples of various rocks and sands have been sent to Washing- 
ton for mineral study. Geological maps covering the areas studied have been 
prepared.—A. W. Blohm (Courtesy U. S. P. H. Eng. Abstracts). 


The Sanitary Significance of the Presence of Ps. pyocyanea in Water Supplies. 
G. Mackey. Indian Medical Gazette, 66: 5, 248, May, 1931. Ps. pyocyanea 
belongs to the Pseudomonas group of organisms and is widely distributed in 
soil, sewage and water. The organism is pathogenic to man, producing sup- 
puration in wounds, inflammation of the nasal fossae, middle ear, meninges, 
etc. It is also associated with diseases of the gastro-intestinal tract such as 
gastro-enteritis and dysentery. Ps. pyocyanea is associated in water mainly 
with organisms of intestinal origin especially B. coli. It was found that ex- 
posure to sunlight results in the death of the organism both in nature and in 
the laboratory.—A. W. Blohm (Courtsy U.S. P. H. Eng. Abstracts). 


Water Well Standards. Curester CouEen. Texas State Department of 
Health. These specifications are drawn with the idea of setting definite 
standards of construction for well water supplies. The specifications are 
predicated on the fact that any reasonably deep well produces a satisfactory 
water providing no fissure limestone is encountered and no surface pollution is 
allowed to enter the well. The bulletin is illustrated with seven diagrams 
showing satisfactory types of well construction and proper types of well seals. 
—A. W. Blohm (Courtesy U.S. P. H. Eng. Abstracts). 


The Water Supply of the Naval Academy. J.C. Pryor. The Military Sur- 
geon, 69: 1, 13, July, 1931. The main water supply of the United States Naval 
Academy at Annapolis, is obtained from eight artesian wells, approximately 
600 feet deep with the water level but a few feet below ground surface, and 
brought to treatment plant elevation by air lift. Lime is added to remove 
basic iron salts which precipitate settles out in settling tanks. The settled 
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water is pumped through rapid sand filters to remove any remaining suspended 
material, then through zeolite tanks for softening, and finally into six undey. 
ground reservoirs, from which it is pumped direct into mains. The water wag 
practically sterile from the wells to the underground reservoirs, but was pol. 
luted in these leaky basins which allowed ground water to enter. Chloring. 
tion has been used at the outlet to these basins with good results, but a new 
storage reservoir is recommended.—A. W. Blohm (Courtesy U.S. P. H. Eng. 
Abstracts). 


Additional Water Supplies for Municipalities. Raymonp A. Hit. Ari. 
zona Public Health News, 64, 55, June, 1931. It is no exaggeration to state 
that the existence of any modern community depends upon an adequate supply 
of potable water; moreover the adequacy of such a supply is rarely permanent, 
and additional water must be developed as the community grows in order to 
meet all possible demands. On the other hand, there is no sound reason for the 
development of a water supply far beyond the needs which can be foreseen, 
Generally, there is more than one possible source, and the consideration must 
_ be given to the relative worth of each of these. The first consideration is, of 
course, the quantity which can be developed, because upon this depends the 
time which must elapse before further development will be required. The 
second factor is the cost not only of development, but of transmission, treat- 
ment, and delivery to consumers within the municipality. The third consid- 
- eration is the quality of the supply which can be obtained at any of the sources 
available. It is not to be expected that a supply of desired quality can be 
obtained cheaply in sufficient quantity to meet any reasonable needs in the 
_ future; some compromise is generally necessary.—A. W. Blohm ( Courtesy 
U.S. P. H. Eng. Abstracts). 


Some Aspects of Color Removal Applied to Pacific Coast Water Supplies. 
PavuL F. Bovarp and KEenNnetH Pacific Municipalities, 45: 6, 296, 
June, 1931. Color intensity of natural streams is not necessarily a function 
of the amount of dissolved organic matter or of oxygen demand; it is dependent 
on the class of color colloid present. The Columbia River and its tributaries 
as well as other streams outside this basin are described pointing out type of 
drainage basin and amount of color present in stream. To correct the low pH 
_ to effect color clarification additional lime was added after filtration and prior 
to aeration adjusting pH to 7.5. Freedom from highly colored waters in lo- 
 ealities of abundant rainfall cannot be guaranteed.—A. W. Blohm (Courtesy 
U.S. P. H. Eng. Abstracts). 


The Influence of Eternit Pipes on Tap Water. A. Massinx. Water, 16: 25, 
1-4, 1982. Eternit (or Martinit) pipe is made from mixture of asbestos and 
Portland cement. Utrecht, Holland, city water, of which analysis is reported, 
was run slowly during day through test pipe and samples collected after stand- 
_ ing overnight (16 hours), or over week-end (45 hours). Dissolved oxygen, iron, 
_ odor, color, and appearance changed but little. Oxygen consumed value was 
_ increased for first three weeks. Water was more alkaline after contact; even 
after ten months use it always contained carbonate, and never, free carbon 


| 

dioxi 

1 what 
45 ho 

evel 

Utret 

chan 

Bl 
Gesu 
or ta 
chlor 

Tl 
in th 
| 1-2, 
Heal 
are € 
spril 
wate 
surf: 
fron 
worl 
man 
dail 
mur 
tion 
und 
leac 
coll 
tior 
hur 
] 
ME! 
198 
of 
of 
in| 
of 
ba 
ag: 
ag’ 
tic 
an 

3 


= 


yoL. 25, NO. 12] ABSTRACTS OF WATER WORKS LITERATURE 1825 


dioxide. Causticity was observed during first week, accompanied by some- 
what bitter taste. Water was softened somewhat, especially at first and after 
45 hours standing, probably by lime from cement rather than by zeolitic action, 
even though sodium was higher after contact. Water more aggressive than 
Utrecht supply would probably act on Eternit more pronouncedly, but less 
change would occur in running, than in standing water.—Selma Gottlieb. 


Black Protective Coatings and Solvents Thereof and Hygiene. P. Mocks. 
Gesundheitsing., 55: 16, 188, April, 1932. Coatings containing benzol, phenol, 
or tar, are unsuitable for drinking water tanks, whether with or without 
chlorination of the water.—Manz. 


The Water Supply of German Communities with 15,000, or More, Inhabitants, 
in the Year 1928. DorNEDDEN. Zentralblatt fiir die gesamte Hygiene, 25: 
1-2, 1, 1931. Report on results of inquiry instituted by Supreme Board of 
Health. Of 334 communities, comprising 44 percent of total population, 212 
are exclusively supplied with ground-water from wells, 71 partly so, and 32 from 
springs. Almost nine-tenths of the water consumption is supplied from ground 
waterandremainder principally from impounding reservoirs. The supply from 
surface sources is declining steadily. The water supply systems date mostly 
from 1903, or earlier; in the years from 1911 to 1920 only seven of these water 
works were erected. In about one-third of these plants, removal of iron and 
manganese is undertaken; in one-quarter, filtration and chlorination. The 
daily per capita consumption varies from 27.3 to 36 gallons; the larger the com- 
munity is, the higher is the water consumption. Maximum daily consump- 
tion runs from 36 to 49 gallons per capita.—Manz. 


Colorimetric Determination of Lead, Especially in Water. ©. LIEBKNECHT 
und L. Gers. Angewandte Chemie, 45: 744, 1932. In order to stabilize the 
lead sulfide coloration and to permit direct titration methods, a protective 
colloid is required. A suitable reagent is 1 cc. of 1 percent gum arabic solu- 
tion, 0.5 ec. of 30 percent AcOH, and 0.1 cc. of 10 percent sodium sulfide solu- 
tion. A good substitute to use for standards of known lead content, is alkaline 
humate solution, standardized against lead, for matching purposes.—Manz. 


Researches on the Occurrence of Bacteriophage in Surface Water. E. GiLpE- 
MEISTER und Horor1 WATANABE. Gesundheits-Ingenieur, 55: 21, 241, May, 
1932. According to investigations carried out on Spree water and on the water 
of certain lakes, the bacteriophage effect is only recognizable after incubation 
of water samples mixed with broth. The content of bacteriophage fluctuated 
in Spree water; after rain and after thaw, it was found to increase. The water 
of lakes in woody districts is, under hygienically favorable conditions, poor in 
bacteriophage. The ascertained bacteriophages detected were most active 
against bacteria of the dysentery group and Shiga-bacilli, but less active 
against bacteria of the typhoid, paratyphoid, and colon groups. Examina- 
tion for bacteriophage should only be made when in the river section concerned 
and up-stream therefrom no rainfall has occurred for 5 days previous.—Manz. 
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NEW BOOKS 


Hygienische Leitaéstze fur die Trinkwasserversorgung (Hygienic Principles 
of Drinking Water Supply). Conferences in the Prussian Health Coungj 
Publications from the Field of Medical Administration, 38, 1, 495 pp. Richard 
Schoetz, Berlin, 1932. This volume, the official handbook of the Prussian 
Health Council, was prepared in codperation with the Prussian Institute fo, 
Water-, Soil-, and Air-Hygiene, and is a complete revision of manuals published 
in 1899, 1904 and 1906, much new material being included. The book consists 
of: (1) the first draft of the revision by Dr. Biraur of the Institute, changes 
from previous editions being indicated; (2) nearly three hundred pages of 
stenographic reports of discussions in the Council and its committees concer. 
ing general policy and details of the revision; (3) the final draft as accepted by 
the Council, Dr. Bérarr’s manuscript being used with, in general, only minor 
alterations. The revised manual discusses first the danger to health from bac. 
teria, parasites, and chemical poisons in water. Stress is laid on the distine. 
tion between indispensable hygienic requirements (freedom from above sorts 
of contamination) and those which may be waived under certain conditions 
(certain aesthetic factors, mineral quality, lack of aggressivity, and sufficiency 
of supply). Factors affecting the choice of a water supply and protection of 
watersheds are discussed. Fundamental hygienic requirements of construe. 
tion and operation are listed for works storing, purifying, or distributing water, 
including discussion of danger of contamination through construction, or re- 
pair, work on a plant or system, or through employees who are carriers of 
water-borne disease. The necessity of codperation between technical men, 
plant employees, and officials in hygienic supervision of both plant and water 
is emphasized. All private supplies should be inspected at least every three 
years, and public ones at least once a year, more frequent inspections being 
needed for larger supplies and those subject to contamination. If contamina- 
tion is liable to occur, a sanitary chemical and bacteriological analysis should 
be made at least once a year. Ground water sources should be subjected to 
hydrological, geological, and hygienic investigation. Danger from flooding, 
or other contamination of wells must be avoided, and watershed should be 
protected is necessary. In surface waters, amount and type of contamination 
must be considered, and bactericidal agents used if necessary. The sectionon 
bactericidal agents is entirely new in this edition and includes chiefly a dis- 
cussion of chlorination. Conditions necessitating its application are discussed. 
Most surface waters are filtered before chlorination. Water after chlorination 
should contain not more than 20 bacteria per cc. and preferably not more than 
10. (For conditions of test, see below.) B. coli should be absent in the ma- 
jority of 200-cc. portions examined. Taste and odor of water should not be 
unfavorably affected by chlorination and overdoses should therefore be 
avoided. The brief section on private well supplies is also new. The hygienic 
requirements applicable here are the same as those for public supplies, but it is 
difficult to achieve them in the absence of proper official rules adequately en- 
forced. Technically trained men, or experienced well constructors should be 
employed to construct wells for all public supplies, for use by large groups of 
people, or industries. Well-drillers should 
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nized courses in well hygiene. Appendix 1 consists of principles for the puri- 
faction of water by slow sand filters, a revision of the 1899 edition. Total 
pacterial count of filtrate should be not more than about 100 per cc. B. coli 
should be absent from more than half of 100-cc. portionsexamined. The physi- 
cal, chemical, and biological condition of water should be satisfactory and 
should not be worse than before filtration. Should filtrate fail to conform to 
above bacterial standards, it must be chlorinated. Construction and operat- 
ing details for best results are given. Frequent bacteriological examinations 
should be made. Appendix 2 contains a model ordinance regulating construc- 
tion of private water supplies, especially wells. Included are specifications 
as to granting of permit, choice of supply, location as regards potential sources 
of contamination, type of construction allowable for springs, drilled and dug 
wells, cisterns, pumps, and reservoirs. For violations, fines up to 150 RM, or 
corresponding imprisonment, are suggested. A very detailed application form 
for well construction permit follows, with spaces for information from appli- 
cant and for information and instructions from officiols. Appendix 3 contains 
methods for bacterial examination of waters. Directions for sampling are 
given. Gelatine plates incubated at 22°C. for 48 hours are preferred for total 
count. For presumptive test for B. coli lactose-peptone-azolitmin solution, 
E1sKMAN’S dextrose-peptone solution, and Butir’s neutral-red-mannite bou- 
illon are mentioned. ENpo agar is used for the confimatory test. For direct 
coli count on solid media, BitraEr’s lactose-fuchsin-gelatin, or G6TTINGER’sS 
evaporation method may be used. The volume serves a commendable purpose 
and it is to be hoped that it will find its way into the hands of all German water 
works officials. For practical use it would, however, be well to have part 3, 
the final revision, bound separately. The organization of the manual into 
concisely stated major principles followed by explanations and details makes 
for ease of comprehension. Obviously much thought and care have gone into 
the preparation of the manual and much interesting and worthwhile material 
is presented. The attention to private water supplies in a publication of this 
sort is of particular merit. However to the American reader, certain peculiari- 
ties are apparent. Little space is devoted to rapid sand filtration, although it 
is stated that it is used widely and successfully in Germany. Mention is 
made of tastes in chlorinated water; but none of the well-established methods 
of circumventing this difficulty are listed.—Selma Gottlieb. 


Selected Papers. Proceedings of the Seventh Annual Conference on Water 
Purification. Technical Bulletin 5: Engineering Experiment Station, West 
Virginia University, Morgantown, West Virginia, October, 1932. 122 pp. 
Filtration Practices and Filter Sands. Lewis V. CARPENTER. 7-15. Present 
trend in specifications for filter sand is to allow effective sizes as large as 0.5 
mm. A 50 percent expansion of filter sand during washing is desirable to 
maintain sand in good condition. Most older plants are not designed for wash 
rates high enough to produce 50 percent expansion; but, by enlarging supply 
conduits and drains, they could be operated at high rates. Laboratory Tech- 
nique. PeRKINS Boynton. 16-18. Observation and understanding of a 
few simple laboratory determinations are essential to efficient and safe opera- 
tion of water filter plants. Some Experience with Powdered Activated Carbon. 
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S. D. Poarcn. 19-29. At Olean, New York, powdered activated carbon fed 
in minute quantities, as low as 0.8 p.p.m., completely removed phenol tastes 
resulting from wash from newly laid tarred road. Algae odors were eliminated 
with small quantities of activated carbon when water temperatures were be. 
low 20°C. Prechlorination doses of three to four pounds per million gallons 
were more effective for odor and color removal than larger doses in combing, 
tion with activated carbon. Activated carbon rendered alum sludge odorless: 
reduced alum dosage; and lengthened filter runs. Good floc formation = 
secured with higher pH values when activated carbon was used. Purification 
Kinks. M. E. Fientsx. 30-38. Simple and useful home-made devices ang 
schemes for application of chemicals, in laboratory technique and in plant 
control. The Relation of the Colon-Aerogenes Group to Water Purification, 
R. 8. Spray. 39-47. Discussion of significance of standard methods for de. 
termining most probable number of B. coli per 100 cc. in sanitary water analy. 
sis. A Study of the Disposal of Ammonia Liquor Containing Phenol. W, W., 
Hopge and L. Kermit Hernpon. 48-61. Effluent of treatment plant dis. 
tilling ammonia liquor on dilution with 100 parts of river water did not injure 
fish life. Treatment process does not attempt recovery of phenol, or of am. 
monia, for commercial purposes. It simply purifies ammonia liquor so that it 
may be discharged into streams without harm. Phenol condensate is disposed 
of by quenching hot coke and dephenolized liquor is aérated, clarified by sedi- 
mentation, and slowly wasted to stream. Removing Objectionable Mineral 
Constituents from Wellsburg Water Supply. M. J. Davis. 62-76. Wells. 
burg supply, drawn from two 24-inch wells 70 feet deep, is high in iron, free 
COs, and hardness. It is aérated, settled, filtered, and then pumped throngh 
pressure zeolite filters. Following analysis figures, expressed as p.p.m., inti- 
mate the progressive improvement effected. 


(1) (2) (3) (4) 
AERATED | FILTERED | SOFTENED 


Typhoid Goal. C. F. Drake. 77-106. Compilation and discussion of ty- 
phoid statistics of this and other countries, by states and cities, by rural and 
urban districts, and by white and colored races. Operating Water Plants for 
State Institutions. P.J.Goodwin. 107-117. Discussion of problems which 
confront operators of small institutional plants and of means by which these 
problems may be solved.—R. L. McNamee. tail 
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Proceedings of the Fourth Annual Conference of Virginia Water and Sewage ee : 


Works Association, Staunton, Virginia, November 14-15, 1932. Virginia Poly- 
technic Institute. Engineering Extension Bulletin 29. 39 pp. Water Supply 
of Staunton. Ricnarp H. Catierr. 7-11. History from inception in 1853, : 
with hard water, to $814,000 project of 1926 which brings by gravity soft 
mountain water from 125-million-gallon impounding reservoir through 15 
miles of 20- and 16-inch cast iron pipe line. Early supply caused incrustation 
and stoppages; whereas new supply, before lime treatment was instituted had 
removed all deposits from pipes and much household plumbing as well. 


Copper services are now used exclusively. Lime is added after aération at 
dam and raises hardness from 10 to 25 p.p.m. pH value of 10 at damisre- 
quired for effective control of corrosion. Supply is doubly chlorinated; once — 


at dam and again at service reservoir. Present flow of 1.25 m.g.d. is 65 per- 


cent accounted for. Venturi meters are installed at each end of line. Leak- — _ 


age from system is without doubt entering limestone caverns underlying _ 
city, thereby escaping detection. Operation notwithstanding shows profit of 
$16,000 per year. System is 100 percent metered. Location of Service Reser- 
voirs and Design of Pipe Systems for the Best Distribution of Water. B. S. 
ParrisH. 11-16. Discussion of problems in Martinsville, Va., and of methods 
employed in locating blockages which had seriously reduced flows from certain 
fire hydrants. Having removed all acute difficulties, methods to prevent their 


recurrence were studied and included cleaning of mains and strategic location = 
of tanks and reservoirs to reduce friction losses and pumping costs, or possibly __ 


to render feasible some reduction of pipe line diameter. Pumping Equipment 
and the Use of Automatic Stokers. E. H. Hersert. 16-19. Norfolk is sup-_ 
plied from two independent plants, Moore’s Bridge Plant and Thirty-Seventh 
Street. Moore’s Bridge Pumping Station operates continuously due to ab- 
sence of reservoir. Automatic stoker installation in 1931 has resulted in coal | 


saving of 20 percent in tonnage, but of 43 percent in cost, lower grade coal = 


proving quite satisfactory. In addition, demand on fireman’s time is reduced 
by one-half. Over-fed steam jet electrically operated stokers are used. 
Maintenance of Water Meters. Cuas. W. Davis. 19-20. Experience with 
maintenance of 6,200 meters has proven that standardization on one manu- 


facturer’s meters has been very helpful in reducing cost of repairs and mainte- _ a 


nance because of readiness with which parts could be salvaged from old meters — 
and re-used. The Reasons for and the Difficulties Encountered in the Use of 
Ammonia-Chlorine in Richmond. M.C.Smirx. 20-23. Difficulties at start- 
ing of ammonia-chlorine treatment, due to existing organic deposits in filters 
and in distribution system, were most serious; method of gradually increasing 
ammonia and chlorine dosage in filtered water to residual desired has proved 
most successful. Benefits derived include (1) effective maintenance of filter 
capacity, (2) elimination of B. coli in reservoir, (3) protection of distribution 
system against accidental pollution, and (4) reduction of more than 80 percent 
in number of dead-end complaints. The New Sewerage System and Disposal 
Plant at Orange, Va. W.C.ANCELL. 23-25. The Sewage Treatment Plant at 


Winchester, Va. P. P. Pitcuer. 25-26. Discussion on Sewage Treatment. 


Cuas. F. Cour. 28-31. 


26. Methods of Well Construction. _ 
hods of install- 


F, J. Serres, 
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ing in drilled wells. Author’s experience favors wrought iron drive pipe, 
Twelve-inch well usually yields 25 percent more water than 10-inch. Impor- 
tance is stressed of testing at least twelve hours after static head has been 
pumped off. Success in Obtaining Water from Drilled Wells in Virginia Gp. 
LAND Sypnor. 31-34. Résumé of experiences in Coastal Plain, in Piedmont 
Plateau, and in Appalachian Mountain Province. Approximately 20 percent Ac 
of Virginia’s water supply is obtained from drilled wells. Municipal Water 
Supplies of Virginia. F. H. Fisn. 35. Chemical analyses of all public 
domestic water supplies in Virginia. (Virginia Polytechnic Institute Engi- § 
neering Extension Bulletin 28). Industrial Utility of the Surface Waters of Ad 
Virginia. 35-36. Studies on analytical values of 10-day and 30-day com- ad 
posites at points on rivers indicate that 10-day composites follow daily ( 
changes much more closely than do 30-day composites. Summary of hard- Ae 
ness data and effect of hardness on utilities in Virginia. Notes on the ; 
Geology of Virginia. ArTHur Brvan. 36-39. Discussion of geologic struc- 
ture of Virginia and its relation to water supply. Bibliography of Virginia’s 
water supplies and water resources.— Chris. F. Bingham. 
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Accounting; 91 ee see Calcium carbonate; Pipe, ce- 
customer; 1666 ment-lined 
application contracts, 1664 Alkalinity determination; see Boiler | 


machines and, 822, 1724 
see Billing; Materials { 
Addressograph; customer accounting 
and, 823, 920, 1726 
Administration; 476 
commission and, advantages, 84 
Aeration; 271, 839 
Aer-O-Mix, head loss and, 549 
perforated pipes and, 1098 
spray; 708, 730, 1078 
lighting, colored lenses and, 708 
mixing and, 708 att 
nozzles, Sacramento type, 504 
tank type, 859 
trays and; 949 
coke and, 949 
see Carbon dioxide removal; Cor- 
rosiveness; Hydrogen-ion con- 
centration; ydrogen sulfide; 
_ Mixing; Oxygen dissolved; Taste 
and odor 
Aer-O-Mix; see Aeration; Mixing 
Akron, O.; water level transmission, 
radio system, 543 
Alameda, Cal.; gastro-intestinal dis- 
ease outbreak (1909), 1063 
Albany, N. Y.; earbon dioxide re- 
moval, limestone contact beds and, 
1507 
typhoid epidemic, cross connection 
and, 424 
Aldine, N. J.; water supply failure, 
423 
Alfeld, Ger.; typhoid epidemic, 7 
Algae; see Microscopic organisms 
Algoma, Wis.; main extensions, un- 
employment relief and, 1708 
Alhambra, Cal.; health and, 607 
_ pipe; cast iron, spun, lined with 
bitumastic, cost data, 630 
eement-lined, 617 
concrete, spun, 628 
joints, cement, 626 
services, 620 
Alkalinity; adjustment, basic rock 
instead of filter gravel and, 675 
caustic, algae and, 706 
- reservoir with limestone bottom, 
increase and, 1795 


lambyd 


water 4 
Aluminum sulfate; dry feed, 1090 
pump suction, application to, cas- 
ing deposits and, 1091 
see Coagulation; Color removal; 
Iron removal; Softening 
American Enka Corporation; filter 
sand, iron and manganese deposits, 
caustic soda treatment and, 1544 
iron and manganese removal, 1538 
American Water Works Association; 
annual convention, 1781 
, committee; on boiler feed water 
studies, report, 279 
on chemicals, testing, report, 
1791 
on cross connections, report, 396 — 
on filtering materials, report, 
on tastes and odors, report, 1490 
cross connections; policy re, sug- 
gested, 418 
resolutions re, 405, 427 
Diven Memorial Medal award, 1782 _ 
Goodell Memorial Medal award, 
1 
Hill Membership Cup award, 1800 
report, 1931 and 1932, 


see Illinois Section; Montana Sec- 
tion; Society affairs; Southeast- 
ern Section; etc. 
American Water Works and Electric 
Co.; cement-lined pipe, 1739 
Ammonia; cost of various forms of, 
1487 
see Chlorination, taste and odor; 
Taste and odor 
Ammonia, free; bacteria and, 1252 
in well water, 1251 
Anabaena; copper sulfate and, 1073 
taste and, 706, 746 
Animals, cold blooded, B. coli and; 
1238 


examination, technique, 1239 

Anne Arundel County, Md.; cor- 
rosiveness, aeration and lime and, 
947 
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Anthophysa vegetans; manganese 
and iron deposition and, 660 
Antofagasta, Chile; rainfall 
water supply, 1003 
Aameepornenons taste and odor and, 
06 
Apollo, Pa.; taste and odor, reservoir 
stagnation and, ammonia-chlorine 
and activated carbon and, 1077 
Apollo Water Co.; odor determina- 
tion experiments, 1501 
Appleton, Wis.; consumption, 709 
water quality, 710 
water supply and purification, 704 
Aquaphone; see Leakage 
Aqueduct; ancient, 1002 
capacity, increasing by concrete 
refinishing; 1047 
cost, 1050, 1052 
friction coefficient, 1048 
see Pipe; Tunnel 
Arad, Hungary; manganese and; 664 
deposits in pipes and meters and, 
656 
Arkansas Water Co.; B. 
studies, 856 
Arrowrock Dam; see United States 
Reclamation Service 
Arsenic; well water and, 744 
Associated Factory Mutual Fire In- 
surance Companies; check valve 
tests, 438 
Atchinson, Topeka and Santa Fe 
Railway; Indian Garden Springs 
pumping plant, 536 
Atlanta, Ga.; turbidimeter, 584 
Azochloramide; oxidation potential, 
pH and, 697 


and 


coli test 


Bacillus, leather; tap washers and, 


Bacteria; chlorine; death points, 851 
observing microscopically, 
2 


resistance, determining, 852 
count, accuracy, 1473 
free ammonia and, 1252 
growth, food concentration and, 
1480 
in swimming pools; B. coli and, 
correlation, absence of, 128 
as quality index, 131, 134 
see Chlorination; Sterilization; etc. 
Bacteria, anaerobic; see Bacterium 
coli test 
Bacteria, colon group, differentia- 
tion; 1117 
advisability in water analysis, 1478 
methods, reliability, 1479 
Bacteria, iron-depositing; 657, 669 


SUBJECT INDEX 


bacillus form; chlorine and; 34, 
ammonia and, 341 
copper sulfate and, 340 
light and, 340 
water discoloration and, 340 
copper sulfate and, 337 
distribution system and, chlorine. 
ammonia and, 1252 
in filters, prechlorination and, 1251 
pipe tuberculation and, 614 
see Anthophysa; Cladothrix; (lg. 
mydothrix; Clonothrix; Creno. 
thrix; Gallionella; Leptothrix: 
Meters; Spirophyllum 
Bacteria, lactose-fermenting; other 
than B. coli, significance, 1293 
spore-forming, 1244 
see Bacteria, colon group; Bae. 
terium aerogenes; Bacterium ¢olj 
Bacteria, manganese-depositing; 657, 
658, 669, 6 
see Anthophysa; Cladothrix; Cla. 
mydothrix; Clonothrix; Creno. 
thrix; Leptothrix; Siderocapsa 
Bacteria, thread; 656 
see Bacteria, iron-depositing; Bac. 
teria, manganese-depositing; Cla- 
dothrix; Clonothrix; Crenothrix; 
Gallionella; Leptothrix; Spiro. 
phyllum 
Bacteriological examination; sample 
temperature and holding conditions 
and, 1117 
see Bacteria, colon group; Bac- 


terium coli test; Bacterium ty- | 


phosum; streptococci 
Bacteriophage; season and, 17 
Bacterium aerogenes; animals, cold- 
blooded, and, 1240 
in feces, human, 1479 
freezing and, 1115 
leather; and jute packing and, 
1107 
washers and, 1108 
significance; in water, 1478 
in well water, 566 
see Bacteria, colon group; Bacteria, 
lactose-fermenting 
Bacterium cloacae; in water supply, 
intestinal disorders and, 1058 
Bacterium coli; absence as proof of 
impossibility of disease transmis- 
sion, 1053, 1061 
chlorine and; concentration, lethal, 
851, 853 
iodine and bromine, germicidal 
effect, comparison, 367 
time and, 687, 851, 853 


fire hydrant washers and, 1112 


freezing and, 1115 
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mains, jute packing and, 1107 

- raw water and, limit and, 860 

in salamanders, frogs and other 
cold-blooded animals; 1238 
examination, technique, 1239 

in swimming pools; bacterial count 
and, correlation, absence of, 128 
cotton rope and, 1107 hel 
multiplication and, 127 tad 
as quality index, 131,134 

tap washers and, “‘leather bacillus”’ 
and, 1107 

well and sampling pump washers 
and; 1107 

remedying, 1114 

see Bacteria, colon group; Sterili- 
& zation; Swimming pool; etc. 


Bacterium coli test; confirmation; 


-__ prilliant green bile and, 1475 
; indol test and, 1791 
dilution method, results, expression 
of; B. coli index and, 867 
most probable number and, 867 
plating, direct; cyanide-citrate 
m agar and; 1478 
: colony appearance and, 


Salle medium, 1478 
presumptive; bile and, 1474 
brilliant green bile and, 386, 1475 
crystal violet broth and, 1476 
Dominick-Lauter medium and, 
P 1476, 1791 
 laetose broth; buffering and, 1477 
te disadvantages, 383 
Dominick-Lauter broth and; 
i comparison, 855 
; and cyanide-citrate agar, 


ge comparison, 384 
concentration and, 
non-confirming; 
and, 383 
bacteria isolated from, 


anaerobes 


723 
frequency, 383, 856, 1287, 
1473 


significance, 1293 
symbiosis and, 383 
iosis and, 1476 
_ see Bacteria, colon group; Bacteri- 
ological examination 
acterium diphtheriae; longevity in 
water, 126 
Bacterium enteritidis; in water sup- 
ply, intestinal disorders and, 1055, 
1058, 1059 
Bacterium typhosum; detection, bis- 
muth sulfite agar, 1791 
longevity in water, 126 
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x 


Baltimore, Md.; filter washing and, 
1797 
meter maintenance, reading and 
billing, 916 
pumping station, automatic (Guil- 
ford), 532 
Bay City, Mich; chlorine-ammonia 
treatment, 1260 
Beautification; see Reservoir; Tank; 
Water works 
Beaver Falls, Pa.; ammonia-chlorine 
treatment, 1080 
Beggiatoa; growths in distribution 
system, taste and odor and, 504 
Berlin, Ger.; manganese and, 657, 664 
Bethlehem, Pa. ; water treatment, 719 
Beverage, carbonated; after-precipi- 
tation and, 1218 
algae and, hypochlorite and carbon 
filtration and, 1218 
yeast infection, water pumped by 
air-lift and, 1218 
Beverly Hills, Cal.; consumption, 506 
softening and hydrogen sulfide re- 
moval plant; benefits, 507 


results, 504 
treatment costs, 506 q at 


Billing; bill aslien, 192,196 = 
cashier control system, 830 
collection offices, decentralization 
and, 1659 =: 
delinquents and; 192, 1631, 1636, 
1681 


courtesy notices and, 193 a 
extent, 1636, 1638, 1687 Tan 
installment payment and, 1639 
outlawing of, time and, 196 = 
shut off, fee and, 1638 fodeetl 
unemployed and, 288 : 

deposits and, 193 na 
excessive bill complaints; con- 
sumers reading meters and, 1632 
meter testing in view of con- | 
sumer and, 1633 
frequency, 241, 1637, 1725 
machines and; 822, 920, 1724 
number per day and, 920 
post cards and, 522, 825 Iso 
practice, 920 
sorting into mailing districts prior 
to posting, 1667 iz 
vacation period bills, complaints © 
and, 1634 
Birmingham, Ala. ;cement-lined pipe, 
1739, 1746, 1754, 1757 eS 
Bjornstorp, Sweden; manganese and, 
664 


Bloomington, Ill.; soap consumption, 
hardness and, survey, 645 : 
soft water, cost estimates, 648 


1833 
41 
: 
] 1251 = 
Cla. 4 
Teno. 
trix; | 
other 
3 
Bac. 
coli 
; 657, 
Cla. 
reno- 
psa 
Bae- 
Cla. 885 
hrix; 
piro- 
mple 
tions 
Bac- 
ty- 
and, 
eria, 
ply, 
of 
mis 
shal, 
‘idal 


i 


Gas 


AY 


typhoid epidemic, cross connection 
and, 424 

water supply report, 653 

Boiler; embrittlement; prevalence, 

1579 

rivet hole inspection, periscope 
and magniscope and, 1580 

sulfate-carbonate ratio and, 1578 

feed water; coagulation and, 494, 


eommittee report, 279 
total solids, blowdown percent- 
age and financial loss and, 231 
foaming and priming, committee 
report, 280 
furnace, automatic stoker and, 553 
scale; analcite and; 1583 
microphotographs, 1584 
analysis; chemical, inadequacy, 
1583 
petrographic, 1583 
phosphate and; 236 
mierophotograph, 1585 
 giliea and, 237 
thin, tube failures and, 1582 
water; carbonates, hydroxides and 
phosphates, determination, 279 
phosphate treatment, magnesium 
phosphate deposits, tube fail- 
ures and, 236 
see Hot water system; Railroad; 
Steam 
Boiler compound; 498 
Boron; Colorado River and, 801 
in water, limit and, 802 
Boston, Mass.; swimming pool wa- 
ters, quality data, 128 
Boston Metropolitan District; ce- 
ment-lined pipe, hardness increase 
and, 1755 
wrought iron pipe, cement-lined 
and covered, old, 629 
Boulder City, Nevada; pumping 
plants, water hammer tests, 883 
softening plant and results, 838 
Boulder Dam; see Boulder City; 


Colorado River; United States 
Reclamation Service 
Brainerd, Minn.; manganese re- 


moval, 673 
Brantford, Ont.; consumption, 1087 
filter plant operation data, 1086 
Breckenridge, Tex.; filters, manga- 
nese deposits and, 1547 
Breslau, Ger.; ‘‘manganese calam- 
ity,’’ 656, 661 
Brewing; water quality and, 1217 
Bristol, Pa.; intake, ice-blocking and, 
422 


determination, 0-tolidin and, 368 
germicidal effectiveness, compared 
with chlorine and iodine, 367 
Brooklyn State Hospital; carbon di- 
oxide removal, marble contact beds 
and, 1512 
Brunswick, Ger.; manganese and, 664 
Buffalo, N. Y.; sewage pollution, dis. 
tance and, 1595 


Calcium carbonate; -carbon dioxide. 
pH relationship, 1506, 1515 
chemical balance test, 1282 
deposition; in concrete-lined tun- 

nels, 1333 
as pipe coating; 266, 613 
lime treatment and, 955 
solubility; 1195, 1760 
minimum, pH and, 182 
see Alkalinity; Corrosiveness 
Calcium hydroxide; solubility, 1760 
California; cross connections and, 442 
fire protection charges, Railroad 
Commission and, 484 

gastro-intestinal outbreaks, ab- 
sence of. 1053 

utility bills, outlawing of, time 
and, 196 

water bill as lien, 196 

California Water Service Co.; organi- 
zation and operation methods, 515 
service materials, installation and 

costs, 810 
Canadian Section; 13th annual meet- 
ing, 1016 
Canal, flow measurement; headgates 
and, 804 
Parshall Venturi flume and, 804 
rod floats and, 804 
Canton, N. Y.; chlorination taste, 
ammonia and, 391 
Carbon, activated; filter, steel, gal- 
vanic action and, 1420 
granular, suspended in bags in 
flowing water, 1495 

powdered, addition; application; 
with alum, 1604 

method, 689, 862, 1502, 1603 

practice, tabulation of, 1502 
in reservoir, 1074 

see Beverage; Chlorination, taste 
and odor; Coagulation; Color 
removal; Filtration, rapid sand; 
Taste and odor 

Carbon dioxide; see Calcium ear- 
bonate; Carbonation; Corrosive- 
ness; Pipe, cement-lined 

Carbon dioxide removal; aération 
and; 731, 1078, 1505 

Aer-O-Mix and, 549 


| 
Cs 
{ 
Cs 
Cs 
Ce 
Ci 
| 
C 
C 
C 
7 Bromine; absorpt ion by water, 373 a 
— 


un- 


and lime, 948 RO! 
chalk filters and, 664, 1513 14 
lime and, 1505 
limestone or marble contact beds 
and; 665, 1505 
cost, 1513, 1521 
film, organic and, 1510, 1520 
limestone vs. marble, 1520 
rate of removal and, 1508, 1517 
stone; size and, 1519 
volume required, 1519 
temperature and, 1518 
and, 1510 
see 
— tetrachloride; specific grav- 


y, 961 
Carhonation; 505 
chemistry of, 1205 
coke furnace 
gas burner and, 262 


H-ion concentration and, 182 
oil burner and, 713 
stack gas and, 1197 
see Softening 

Carmel, Cal.; gastro-intestinal dis- 
ease outbreak, 1055 

Catalysis; 667, 670 
see Manganese removal 


Cedar Rapids, Ia.; purification plant 
operating results, 711 
taste, activated carbon and, 716 
Cedar River; runoff, precipitation 
and, 102 
Cellophane manufacture; water qual- 
ity and, 1217 
Cement; composition, expression as 
hypothetical combinations, limi- 
tations, 1359 
heat of hardening; 
and, 1352, 1354 
determination, 1354 
fineness and, 1355 
low, for mass concrete dams; 
1350 
specifications, 1352 
strength, fineness and, 1355 76 
Chameleon; B. coli and, 1240 
Champaign and Urbana, IIl.; iron 
bacteria, ammonia-chlorine treat- 
ment and, 1251 


composition 


reservoir, blood worms, covering 
and, 1251 
soap consumption, hardness and, 
survey, 645 


soft water, cost estimates, 649 
Charleston, Ill.; intestinal disease 
outbreak, 426 
Charleston, S. C.; cast iron pipe, 


arrying capacity, decrease and, 
1731 
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cement-lined pipe, 1736, 1741, 
1742, 1744, 1745, 1751 
sprinkler service, charge for, 1788 
Charleston, W. Va.; ; intestinal dis- 
ease outbreak, 1595 


Chase Metal Works, Cleveland; 


pumping plant, remote control, 536 re 


Chatham, Ont.; taste and odor; - algae, 
chlorine-ammonia and, 
experiments, 681 
Chatham Village, Pa.; housing pro- 
ject, 642 


Cheltenham, Eng.; manganese and, 


657 

Chemical; testing, committee report, 
1791 

Chemical feed; see Aluminum sulfate; 
Carbon; Lime; Softening 

Chester, Pa.; ; taste and odor, ab- 
sorbing clay and, 1077 


Chicago, TIl.; billing and accounting, 


chlorination; 
1484 
ammonia and, proposed treat- 
ment at intake cribs, 1482 
chlorine absorption, periods of 
high, 1334 


aftergrowths 


consumption; 1345, 1721 


data, various types of users, 1337 
cross connections and; 442 
hospitals and, 415 
filter sand experiments, 1563 y 
filtration experiments, weak floccu- __ 
lation periods and, 1335 
fire services, charge for, 1789 
leakage, locating and eliminating, 
1339 o 
metering; 1721 
consumption and, 1343 mt 
pipe yard facilities, 1716 
pressure recorders, 1645 <4 
pumps, centrifugal; vs. triple ex- — 
pansion engines, cost and, 1326 
turbine driven, duties, 1379 
sampling pump washers, B. coli _ 
and, 1107 
storage reservoirs, 1327 


tunnels; calcium carbonate acere- 


tions, 1333 

external damage, 1331 

in rock, cost, 1334 4 
surge problem, 1321 et 


valves, quick closing, 1786 
Chicago Heights, Ill.; soap consump- 
tion, hardness and, survey, 645 
soft water, cost estimates, 649 _ 
water supply report, 653 tent 
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Chironomus; chlorine and, 339 
copper sulfate and, 339 i 
reservoir infestation and, 337 


Chlamydomonas; color and turbidity 


and, 991, 998 
copper sulfate and, 996 
discovery, 993 


forms of, 994 
taste and odor and, 993 
temperature and, 995 


Chloramine; formation, pH and, 1125 


see Chlorination; Chlorine, free, 
determination; Taste and odor 
Chlorides; corrosiveness and, 235 
taste, concentration and, 237 
see Magnesium chloride; 
chloride; Softening 
Chlorinated copperas; see Coagula- 
tion; Color removal; Iron removal 


Chlorination; aftergrowths and; 1484 


microérganisms and, 998 
theory, 700 
ammonia and; 719, 859, 991, 1117 
aftergrowths and, 392, 864 
ammonium sulfate and, applica- 
tion method, 694 
apparatus and, 1252 
application subsequent to chlo- 
rine, 394, 1254 
B. coli and, 1239 
cost and, 393, 686, 1258, 1489 
dosage, 262, 392, 678, 686, 861, 863, 
«864, 1252, 1257, 1794 


efficiency, 678, 1484 
goldfish and, 1800 


intake cribs, 1485 


Me iron bacteria and, 341 


- oxidation potential and; 699 
390, 701, 


H and, 697 


residual; persistence, 

1255, 1258, 1490 

wy required, 1261 
sterilization rate; 261, 391, 394, 


678, 692, 701, 1260, 1484 


ammonia-chlorine ratio and, 
699, 702 
apparatus, automatic, 322 
bacteria, resistant, and, 851 i 
contact period and, 1484 : 
corrosion and, 613 3 
cost, 1095, 1258 
dosage, 269, 710, 744, 1087, 1095, 
1101 
efficiency ; 577 
compared with iodine and bro- 
mine, 367 
pH and, 261, 695, 698 1D 
extent employed, 986, 1247 ") 
history, 1573, 1799 
mixing chamber and, 777 Ror, 
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Sodium 


oxidation potential concept of, 695 
 pre-; 261, 709, 943, 1075, 1078, 1079, 
1087, 1097, 1251, 1289, 1630 
ammonia and; 505, 684, 687, 859 
1102, 1253, 1257, "1260, 1793’ 

‘ nitrite and nitrate in eff 
1794 uent 


Br residual persistence, pH and, 


699 
practice, 687, 692, 719, 845, 1087 
1095 


required ; 
mineral and organic mat 
and, 853 
sterilization rate and, 687 
theory, 700 
typhoid and, 3, 13 
worms, blood (Chironomus), and, 
339 
see Bacteria, iron; Chloramine; 
Coagulation; Color removal; Fil: 
tration, rapid sand; Iron removal: 
Manganese removal; Microscopic 
organisms; Paper manufacture; 
Swimming pool; Taste and odor: 
Well 
Chlorination, taste and odor; am- 
monia and; 341, 390, 1252, 1794 
dosage and, 1102 
residual and, 863 
chlorinous, ammonia and, 262, 390, 
ros 1070, 1074, 1259, 1260, "1484, 
1793 
phenol and; ammonia and; 390, 681, 
684, 691, 701, 1070, 1484 


2 cost, 694 
- dosage and, 692 
carbon, powdered, addition and; 
681, 1070 


dosage, 1071 
creosoted wood pipe and, 691 
gas and coke works waste; pollu- 
tion, control and, 1068 
spills, accidental, 
tion and, 1069 
H-ion concentration and, 698 
oil pollution and; 684 : 
il from roads, 1070 
--~pipe coating and, 681, 692 
superchlorination and, 681 
practice re, tabulation, 1490 
prechlorination and, 1078, 1079 
see Taste and odor 
Chlorine; cost, 1487, 1489 
cylinders, hes ating, caution and, 
1793 
expelling from solution by boiling, 
time required, 1122 ne 
oxidation potential; 696 i 


notifica- 


Ch 
I 
Ch 
( 
( 
on 
Ci 
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Cl 
Cl 
C 
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— 


id, 


ammonia and amino compounds 
and, 699 
pH and, 697 
Chicrine absorption; high, instances 
of, 1334 
H-ion concentration and, 699 
microérganisms and, 998 
‘zero demand”’ water, preparation, 


1122 
Chlorine, determination, o-tol- 
idin and; 692, 701 


chloramines 1124 
time required and, 1127, 1261 
color development, time and, 1122 
dilution and, 1124 
iron and, 1127 
manganese and; 1119, 1127 aot 
correcting for, 1131, 1136 
reaction, nature of, 1118 
standards, permanent, recheck of, 
1122 
Care O.; delinquent accounts 
and, 1 
Circleville, O.; typhoid 
cross connection and, 424 
Cladophora; growths, 992 
Cladothrix; discovery, 657 
manganese and, 659 


epidemic, 


Clamydothrix; iron deposition and, 
663 


manganese and, 664 
Clarion, Pa.; hydrogen sulfide and 
carbon dioxide, aeration and, 1078 
Cleveland, O.; prechlorination, am- 
monia and, i793 
Clonothrix; discovery, 657 
manganese and, 659 
Coagulation ; alum and; carbon addi- 
tion and, 1502, 1606 
eorrosiveness and, 1218 


dosage and; 261, 712, 714, 743, 
1099, 1103” 
carbon addition and, 1502, 
1606 
chlorination and, 1087, 1103 
mixing and, 257, 1272, 1276 
sludge return and, 259 
sodium aluminate and, 501 
H-ion concentration and, 254 
and lime; 260 
hardness increase and, 500 
é mixing and; 254 
aeration and, 254 
flocculators and, 255 
period and; 713 
and velocity; laboratory 
and plant results, com- 
parison, 1272 
study of, 1263 


patent, early, and, 1568, 1571 nae 


in reservoir, 1074 ; 
residual alumina; carbon addi- + 
tion and, 1606 
mixing and, 257 
sludge return and, 255, 258 


sodium aluminate and, 1538 og 

split treatment and, 1270, 1276 we 

temperature and, 254, 258 = ae 

turbidity removal, 260 
boiler use and, effect on, 494 ys 
chemicals for, early opposition a 


use of, 1571 
chlorinated copperas and, 1549 
corrosiveness and, 493 ae: 
dosage required, determination, 

tests, 1282 
ferric chloride and, 945 
ferric sulfate and, 1549 
hardness and, 493 
iron and lime and; 1549 Da» 

alum and, comparison, 260 
iron and manganese in water and, a 


1549 
temperature and, 471 ae 
turbidity-dosage ratio, 
value of, 589 
weak flocculation, periods of; 1335 — 
fibrous material addition and, 


1336 

see Color removal; Softening 7 
pro- 


Coagulation basin; cleaning, 

cedure, 1091 

detention period, 260, 709, 775,834, 
859, 1086, 1091, 1099, 1257 

efficiency, 1100 

new, 775, 834, 1099 

sludge; obnoxiousness, 
ammonia and, 864 


putrefaction, 1092 
carbon addition 


chlorine- a 


stabilization, 
and, 1502, ‘1603, 1606 
see Sedimentation basin ay 
Coating; see Calcium carbonate; © 


Paint; Pipe coating; Tank 
Cohasset; manganese removal, 666 
Cohoes, N. Y.; typhoid epidemic, | 

cross connection and, 424 
Collection; see Billing ‘ 
Color; glucosides therapeutic 

value, 933 

green, chlamydomonas and, 991 

origin, chemistry of, 933 

in mains, 935, 940 

storage and 
Color removal; alkali addition, color 

return and; 935, 941, 1093 
sodium phosphate and, 

alum and; 941 

chemical cost, 1095 7 
chlorination and, 


of, 695 
1079, 
A 859, 
93 
Huent 
and, 
1087, 
latter 
and, 
nine; 
; Fil- 
Oval: 
Lure; 
dor; 
am- 
94 
3%, 
484, 
681, 
nd; 
llu- 
ca- | q 
_| 
ig; 


-ibk 


H-ion concentration and, 705, 


& 


_ mixing and, 257, 1089 

~ removal effected by basins, and 
its determination, 1091 
aluminum hydrate and caustic 


carbon filtration and, 680 
chlorinated 


chlorination and, 944, 1217 


dosage and; 710, 1089 
required, determination, jar 


tests, 1089 
706, 1089 


soda, 944 


and, 935 


copperas-alum-lime 


floc peptization in basins, 935 
lime and, 941 


permanganate - lime - chlorinated 
copperas-alum and; 937 


se 


Colorado 


color return, absence of, 942 


cost, 942 
e Coagulation 


iver; boron content, 801 


Boulder Canyon project, 793 
flow data, 793 
hardness, 801, 838 


mineral content, 799, 838 


silt; load, 797, 838 


settling rate, 798 


watershed, rainfall, 793 


se 


Columbus, O.; softening; sludge pro- 


e Boulder City 


duction, 1531 


Committee reports; boiler feed water 


st 


soap saving and, 653 


udies, 279 


chemicals, testing, 1791 
cross connections, 396 


filtering materials, 1534 


tastes and odors, 1490 


Community Water Service Co.; ce- 


ment-lined pipe, 1741 
Complaints; records, value, 1424 
see Billing 


Concrete; see Cement; Dam; Pipe, 


concrete; Reservoir 


Conduit; see Aqueduct; Pipe; Tunnel 
Connecticut, cross connections and; 


44 


2 


check valve tests, 437 
policy re, 401 
Construction; cost, 1914-32, 347 


equipment; care of, 1680 


see Dam; Main; Materials; Reser- 


Anow 
2 | 


and tools, accounting for, 1673 


voir; ete. 


Consumption; analysis of, High Point 


N. C., 375 

Appleton, Wis., 709 
Beverly Hills, Cal., 506 
Brantford, Ont., 1087 


ido 


Corning; 


Corrosiveness; 


Chicago, 1345, 1721 


Lawrence, Kans., 263 
Lincoln, Neb., 248 
Louisville, Ky., 910, 
maximum and average rati 
1337 
metering and, 71, 1343 
requirements of various types 
users, 1337 
Syracuse, N. Y., 274 
Washington Suburban Sanitary 
District, 168 


Copper; in water, plumbing stains 


and, 1425 
see Pipe, brass; Pipe, copper; 
rvices 


Copper sulfate treatment; 274, 992 


algae count warranting, 1073 
application; bag and boat, 746 
through ice, 1073 
to inflowing creek, 746 
bacteria and, 722, 996 
a worms (Chironomus) and, 
339 
Chlamydomonas and, 996 
copper; deposition in mains and 
reservoirs and, 997 
residual, and, 997 
dosage ; 746, 1073 VON ies 
tabulations, 996 __ 
fish and, 1073 sey: 
iron bacteria and, 337,340 
sedimentation basin growths and, 
687 
see Filtration, rapid sand; Swim- 
ming pool; Taste and odor 
gastro-intestinal disease 
outbreak, 1063 


Cornwall, Ont.; taste experiments, 


681 


Corrosion; loss, annual, 605, 1387 


rate, annual, 605 

resistance to, measuring, 608 

theory, 1387 

see Electrolysis; Hot water system; 
Iron; Pipe; Services; Steel; ete. 

aeration and lime 

and, 948 

base exchange softening and, 188 

calcium carbonate and, 820 

carbon dioxide and, 819, 947, 1388, 
1505, 1516 

chlorides and, 235 

coagulation and, 493, 1218 ‘i 

factors, 611 

H-ion concentration and, 612, 820, 
948, 1219, 1388, 1516 

index of; chemical balance test, 
1282 
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oxygen dissolved reduction and, 


948 fee 
lime and; 507, 612, 1219 taoll. 
and soda ash, 953 
magnesium chloride and, 235 
oxygen and, 947, 1388 wel 
purification processes and, 818 | 
red water and; 729 + 
aeration and, 730 i 
base exchange softening and, 
1285 
correction plant; 732 
design, experimental plant 
and, 731 
hot water systems; lime and, 1093 
limestone contact bed and, 
1512 
hydrogen-ion concentration and, 


lime and, 820 
limestone contact bed and, 1515 
prevention, 653 
soda ash and, 820 
see Calcium carbonate; Carbon di- 
oxide removal; Corrosion; Iron 
corrosion; Pipe; Steel; ete. 
Cost; wholesale price trends; 1801- 
1932, 345 
business conditions and, 1790- 
1932, 348 
see Construction; Labor; Pipe, cast 
iron; etc. 
Crenothrix; discovery, 657 
growths in distribution system; 
chlorine-ammonia and, 1252 | 
taste and odor and, 504 isin} 
manganese vs. iron and, 658 
manganifera Jacksonii, 658 
taste and, chlorination and, 681 
see Bacteria, iron 
Cross connections; bibliography, 441 
check valves and; 405, 406, 410, 
417, 431 
frequency, 407, 413, 
17 


installation, diagram, 432 
open, crawfish and, 443 
specifications, 431 
tests of, 411, 433 
chlorinator, automatic, and, 402, 
404, 405, 406, 411, 417, 440 
committee report, 396 
diplomacy and, 1600 
drinking fountain and 924, 927 
elimination; codperation and, 407 
open tanks and, 408 bold 
swinging joints and, 408 
examples of, 397, 414, 419 feof 
federal policy re, 400 aitet 
hospital fixtures and, 415 


municipal policies re, 404 
plumbing fixtures and; 414, 443, 924 
flushometers and, 924, 926, 929 
refrigerators, gas, and, 442 
reservoir overflows and, 415 
resolutions of water works asso- 
ciations, ete., re, 404, 427 
sewage pump priming and, 922 
state policies re, 400, 427 
swimming pools and, 415, 924 
typhoid and dysentery epidemics 
and, 8, 399, 423, 922 
Crownsville State Hospital, Md.; 
corrosiveness, treatment and, 953 
Current meter; accuracy, 1188 
measurements, precautions and, 806 
turbulent flow and, 806 Pa 
Cyclotella; taste and odor and, 862 . 


Dam; Ambursen type, construction, 


357 
concrete; admixtures, surface 
sloughing and, 1351, 1360 * 


gravity, low heat cement and, 
1350 


earth, downstream slope, planting, ; 
850 
measurement, provision for, 
Danvers, Mass.; cement-lined pipe, 
1755 
Danville, Ill.;  chlorine-ammonia 
treatment, 1257 
Dechlorination; carbon, powdered, 
and, 862 
Delanson, N. Y.; carbon dioxide 


moval, limestone contact bed and, © am 


1514 
Delaware River; hardness variations, 
flow and, 227 
mineral content, tide and, 228 
Denver, Colo.; coal filters, 718 < 
Derry, Pa.; taste and odor, reservoir — 
stagnation and, 1077 
Des Moines, Ia.; meter under-regis- 
tration at low flows, 1642 
Dessau, Ger. ; manganese removal, 670 
Detmold, Ger.; typhoid epidemic, 5 
Detroit, Mich.; accounts, delinquent, | 
collection of, 1681 ; 
filter sand coating, washing rate | 
and, 1236 


‘al 
4 


mary, 
pipe; coating, bituminous, tests 
and specifications, 1387 


pitting, electrolysis, and, 1389 
swimming pools, sanitary rating, — 
9 


9 
water bill as lien, 197 


1839 
910, 
of 3 
ary 
‘ins 
er; 
2 
1517 
ad, 
d, 
n- 
se 
| 
| A 
| 
tame meter reading questionnaire, sun 4 
| 
k ad 
7 


Diarrhea; epidemics, cross connec- 
tions and, 424 
Disease; gastro-intestinal; obscure 
outbreaks attributed to water sup- 
ply; 1053 
possible causes, 1055 
sterilized polluted water and, 
1060, 1066, 1596 
swimming pools and, 126 
water-borne; liability and, 442 
on ships, 442 
see Dysentery; Goiter; Hazen the- 
orem; Mills-Reinicke; Typhoid 
Disinfection; see Sterilization 
Distribution system; housing proj- 
ects and, 635 
investment, proportion of total, 636 
records, 328, 331 
substructures of other utilities and; 
control, 332 
coéperation and, 637 
valves; closed, fire protection haz- 


ard, 725 
closing; direction, uniformity, 
desirability, 525 
' motor equipment and, 1787 


- rapid, hammer and, 1786 


inspection; 526 
frequency, 525, 1787 
oe ation records, 328, 333, 525, 727 
operation records, 727 
size, smaller than main, 1786 
vaults, advisability, 526 
see Bacteria, iron; Construction; 
Leakage; Main; Materials; Pave- 
ment; Pipe; Services; etc. 
Dresden, ’ Ger.; carbon dioxide re- 
moval, chalk and, 1513 
mains, manganese deposits, 660 
manganese removal, 665, 670 
Drinking fountains; cross connections 
and, 924, 927 
requirements, 927 
Duluth, Minn.; chlorine-ammonia 
treatment, 393 
Durham, N. C.; meter reading and 
billing, 241 
metering, 240 
rates, 241 
cement-lined pipe and, 
1 


water-borne epidemics; cross con- 
nections and, 399, 423 
intakes, auxiliary, and, 413, 426 
purification plant bypasses and, 
413, 426 


Eagle River, Wis.; ; financing, 1704 


Eagle Rock, Cal.; gastro-intestinal 
disease outbreak, 1054, 1064 


Earth; specific gravity of the, 1001 
see Soil 
East Bay Municipal Utility District; 
steel pipe, reinforced cement mortar 
coating and, 1437 
Easton, Pa.; 
1238 
reservoir, frogs and, 1238 
see Lehigh Water Co. 
Eng. ; typhoid epidemic, 
Electric motor; synchronous, eff- 
ciency, 1379 
Electric power; plants and water 
works, combined operation, ad- 
vantages, 465 
rates, 467, 475, 715, 832, 1105 
Electric wiring, grounding to water 
pipes; 212, 1422 
committee, local, value of, 223 
direct and alternating current and, 
218 
electrolysis hazard and, 221, 625, 
1418 
joints, leadite, and, 1428 
meter shunts and, 218 
National Electric Code and, 217 
water quality deterioration and, 1424 
Electrolysis; current, alternating, 
and, 1418, 1421 
grounding of wiring to pipes and; 
221, 625, 1418 
pipe drainage and 
Joints and, 221 
metal loss, extent, 221, 624 
parallel pipes and, 625 
prevention, insulating joints and, 
626 
railroad and cable crossings, wrap- 
ping and, 626 
soil; resistivity and, 625 
voltage gradient, safe limit, 626 
stray current; 624 
electric conduit and, 1389 
survey prior to location of pipe- 
line and, 625 
Elgin, IlJ.; typhoid epidemic, cross 
connection and, 424 
Elizabeth, Pa.; odor, 
bon and, 1074 
Elizabeth City, N. C.; 
935 
iron, organically 
moval, 936 
water supply, 932 
Elodea; growths, 992 
Engine, Diesel; see Pumping station 
Engine, gasoline; see Pumping station 
Erie, Pa.; filter plant, new; 771 
cost, 778 


insulating 


activated car- 
color removal, 


combined, re- 


chloramine treatment, 
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pipe handling, 1679 
pumping station, remote control, 
534, 772 
stores system, 1669 
water bill as lien, 197 
Essex, Ont.; taste experiments, 681 
Evaporation; see Reservoir 
Everett, Wash. ; typhoid epidemic, 
cross connection and, 424 
Extension; program, long-term, 80 
see Financing; Main 
Fayetteville, Ark.; B. coli test styd- 
ies, 857 
Feces; B. aerogenes and, 1479 
Federal Water Service Corporation; 
cement-lined pipe and, 1734, 1743, 
1747, 1777, 1778 
Ferric; see Iron 
Filter "sand; analysis, sieve calibra- 
tion and; 1564 
importance, 48, 65 
committee report, 1534 
effective size, value of, 46 
grain shape, porosity as index of, 
38 


limestone in, solution of, 1795 


porosity, determination, 38, 1564 
size determination, 23 He 
specific gravity, 39 7 
surface area; formula, 1557 
-volume ratio; 1555. 4 
shape factor and, 1555 
voids, size and, 24, 58 ya 
volume formula, 1558 era 


see Filtration, rapid sand 
Filtration; extent employed, 986, 
1247, 1575, 1592 
resistance to, 1797 1 
Filtration, coal; 718, 1536 ay 
head loss, initial, 56 
see Filtration, pressure 
Filtration, double; history, 1572 
see Filtration, slow sand 
Filtration, pressure; 685, 687 iis 


coal as medium; 718 ¥ 
efficiency, 721 a 
Filtration, rapid sand; air-binding, 


1092 
B. coli, raw water limit, 860 
earbon addition and, 716 
rf efficiency; bacteriological, 1290 ari 
ps at start of run, 1092 ibs 
= anchoring, screens and, 55, 
6 


rock, alkalinity adjustment 
and, 675 

depth, 554, 709, 776, 1092, 1100 
size, 776, 1092 
specifications, 107 


2 


head loss; final, practice, 1549 
initial; factors, 19 
formula; Fair-Hatch, 1551 
Hazen, 41 
Hulbert-Feben, 31, 50 
Terzaghi, 52 
rate of flow and, 27 
; sand; depth and, 27 
Ge grain shape and, 54 
porosity and, 37 
ps size and, 31, 51 
uniformity and, 54 
temperature and, 31, 49,53 
Viseosity and, 53 We 
rate of increase, size and, 
565 
history, 1568 


impor- 


influent, preparation of, ; 
tance, 1598 

palability of effluent, compared 
with slow sand effluents, 1079 ae ote 

plants; 582, 709, 1086 Nay 
cost, 582, 778, 933 
design, experimental plant and, 

1088, 1098 aie 

new, 554, 774, 832, 1096 
laboratory control, 


problems, 1084 
specifications, 105 
rate, 504, 554, 776, 1092, 1100, 1104, 
1196 
runs; 709, 844, 1087, 1092, 1101, 1104, _ 
1550 
algae and ;copper sulfate and, 394 
prechlorination. ammonia 
and, 392, 594 
carbon addition and, 862, 1502, 
1604 
prolonging, bumping and, 865 
sand; carbon, i i | 
1603 
iron and manganese 


and; 1540 ¥ 
acid treatment and, 1550 


of, 1236 
specific gravity; determina- 
tion, periodical, and, 1105 

as index of, 1236 
wash rate and, 
condition; pre-chlorine- ammonia 


caustic soda treatment 
and, 1544, 1549 
washing and, 1540 
moisture retention as index 


treatment and, 1106 
washing and, 1234 


depth; 554, 709, 776, 1092, 1100 
"rate of filtration and effluent 
quality and, 865 


— 
01 
riet; 
Ttar 
7 
ent, 
nic, 
effi- 
iter 
ad- 
iter 
nd, 
125, 
424 
ng, 
nd; 
ing 4 
nd, 
126 
ye- 
il, 
n 
yn J 


floe penetration, 1549 


iron bacteria and, prechlorina- 


tion and, 1251 

_ mud balls and, 1087, 1093 

porosity, backwashing and, 58 

size; 554, 776, 1092, 1100, 1335 
index of, 27 

specifications, 107 


3 
turbidity of filtered water; 584 
bacterial removal and, 589 
carbon addition and, 710 


tus for, 1101 
underdrains; 554 iy 
false bottom and, 776 
units, experimental; 20, 1543 ’ 
accuracy and, 63 
idle, manganese, re-solution of, 
672 
wash; 970 
air-water, 505 
iad direct pumping and, 555, 835, 
1104 


pate, 554, 776, 835, 1086, 1092, 
1100, 1549 
sand expansion and; 1797 
formula, 1559 
OE as index of, 1235 


temperature and, 1235 
- water; coagulation, mixing and, 
257, 1265 
percentage; 709, 1087, 1100 

carbon addition and, 865 
Elsie raw water, use of, 1198 
reclamation, 505, 555 
troughs, height, 776 
see Filter sand; Filtration, coal; 


Tank 
Filtration, slow sand; bacterial effi- 
ciency, 1290 
= early use of, 1566 
a 7 head loss, initial, formula, 1557 
rae iron and manganese, penetration, 
- i depth, 1550 
; + palatability and, compared with 
,' . rapid sand filtration, 1079 
plant, 1082 
pre-filtration and, 1288 
Financing; 315 
— bond issues; campaign and, 248 
a law and, 79, 990 
~ mortgage, 1702 
tax-supported, 1701 
2 | extensions; bond issues and, 317 


cost per capita per year, average, 


= 


te: inspection, periodical, value, 1105 


_ surface layer, importance, 47, 52, 
ond 


observation, continuous, appara- 


direct appropriations from mu- 
nicipality and, 1708 
from a 81, 1709 
mains and; acreage suppl i 
ment and, 318 
En donations and, 319 
methods, 487 
5 municipal improvement dis. 
trict bonds and, 318 
pledge order installment 
1705 
_ improvements and, 989 

income per capita per year, aver. 

age, 79 
municipally-owned plants; 87, 490 

funds, diversion, 1017, 1709 
profits and, 89 
Fa privately-owned plants, 87 
profits and, 87 
security issues, commission con- 
trol, 1698 
see Fire protection; Rates; Sanitary 
districts; Services; Taxation; 
Water works; etc. 

Fire hydrant; damage by automo- 
biles, charging for, 527 
inspection, frequency, 526, 582 
lubricants for, 527 

number, statistics, 75 
records, 526 

repair, 528 

spacing, 273, 643 
stem packing, 527 
street grade alterations, sliding 
frost case and, 175 
use for purposes other than fire, 527 
washers, B. coli and, 1112 
see Fire protection 
F i insurance rates; sprinklers and, 
6 

Fire protection; charging for; 74, 83, 

318, 353, 478 
hydrant rental and, 75, 353 
Wisconsin and, 75 

cost of, 90 

valves, closed, and, 725 

water works investment and, 75, 
90, 318, 353, 481 

Fire protection, private; charge for, 

88 


plan, 


see Sprinkler system 

Fish; residence aquarium problem, 

salt water penetration of fresh 
- water streams and, 239 

gee Goldfish 

Fort Pierce, Fla.; coagulation, acti- 
vated carbon and, 1606 

Fort Valley, Ga.; corrosiveness, cor- 
rection, 


( 

( 

( 

( 

« ( 

é A ( 

( 
( 
: ( 

| ( 


Fort Wayne, Ind.; typhoid epidemic, 
cross connection and, 424 ; 
Fostoria, O.; softening sludge dis- 

sal 
Frankfurt, Ger.; carbon dioxide re- 
moval, marble contact bed and, 
1513 
Franklin Furnace, N. J.; typhoid 
epidemic, cross connection and, 
424 
Frogs; B. coli and, 1238 
reservoir infestation with, 1238 


Gallionella; 664 
discovery, 657 
manganese not deposited by, 658 
Garwood, N. J.; water supply failure, 
423 
Gas and coke works waste; accidental 
spills, notification and, 1069 
disposal, control, 1068 
see Chlorination, taste and odor; 
Phenol 
Gastro-enteritis; epidemic, cross con- 
nection and, 424 
lactose-fermenters other than B. 
coli and, 1291 
see Disease 
Gelsenkirchen, Ger.; typhoid epi- 
demic, 5, 14 
Geneva, N. Y.; typhoid epidemic, 426 
Germany; water-borne typhoid epi- 
demics, 1 
Glassware; cleansing, 977 
Glenburnie, Md.; corrosiveness, aera- 
tion and lime and, 948 
Goiter; iodine and, 380 
Goldfish; chloramines and, 1800 
electric circuit grounded to brass 
pipe and, 1426 
temperature-shock and, 1800 
see Fish 
Gonococci; longevity in water, 126 
Great Dismal Swamp; 931 
Greenville, Pa.; algae, chlorine-am- 
monia and, 1074 
Greystone, R. I.; typhoid epidemic, 
cross connection and, 425 
Grosse Pointe, Mich.; filter washing, 
sand expansion and, 1236 
Guelph, Ont.; taste, new wood pipe 
and, chlorine-ammonia and, 691 
Gunite; see Intake; Pipe coating; 
Pipe, gunite; Reservoir; Tank 


Hackensack Water Co.; meter dam- 
age by electrolysis, 1419 

- water quality complaints, electric 
— grounded to pipes and, 


1843 


Haileybury, Ont.; taste experiments, 
681 
Hanover, Ger.; manganese and, 664 Poa 
typhoid epidemic, 1926, 6, 14 Be 
Hardness; coagulation and, 493, 500 = 

Delaware River, flow and, 227 

soft water, obtaining, cost of vari- 
ous methods, 648 

of water supplies in United States, 
1006 


see Calcium carbonate; Laundry; 
Pipe, cement-lined; Railroad; 
Soap; Softening 
Hartford magniscope; see Boiler 
corrosion 
Havre de Grace, Md.; water supply, 
salting of, 238 
Hazen theorem; 1057, 1063 =~ 
Health; softening and, 1201 


426 
Hespeler, Ont.; taste experiments, 681 
Hibbing, Minn.; chlorine-ammonia 
treatment, 392 
High Point, N. C.; consumption, 
analysis of meter records, 375 
Hinsdale, Ill.; softening, sodium 
aluminate and, 503 
Holland, Mich.; free water and tax- 
ation policy, 1695 
Hospital; cross connections and, 415 
Hot water system corrosion; lime 
and; addition and, 1093 
softening and, 507 
limestone contact bed and, 1512 
temperature and, 613 
Housing projects; developments, 633 
water distribution systems and, 635 
Houston, Tex.; chlorination and, 577 
ground water supply, quality, 557 
reservoirs, 575 
wells, private, data, 569 
Huntington, Pa.; chlorine-ammonia 
treatment, 394 
Hydrant; see Fire hydrant 
Hydro-electric plant; and water 
works, combined, 1082 
see Electric power; Penstock 
Hydrogen-ion concentration; adjust- 
ment; aeration and lime and, 948 
lime and, 1093 
aeration and, 731 
explanation of, 612 


water weeds and, 992 

see Calcium carbonate; Carbona- 
tion; Chlorination; Chlorine; Co- 
agulation; Color removal; Corro- 
siveness; Manganese removal; 
ete. 


—— 4 
mu- 
dis. 
olan, 
Herkimer, N. Y.; typhoid epidemic, 
tary 
‘ion; 
mo- 
ling 
527 
83, 
75, 
for, 
em, 
esh 
cti- 


+ 


7 


Hydrogen sulfide removal; 681 
aeration and, 504, 1078 
permanganate and, 941 


oxidation potential, 
pH and, 695 
see Beverage 
Hypochlorous acid; oxidation po- 


tential, pH and, 695, 697 


Illinois; typhoid and dysentery out- 
breaks, 922 
water supplies, manganese and, 665 
well supplies, geological conditions 
and, 1207 
Illinois Section; annual meeting, 1024 
water works operators, certifica- 
tion, resolution re, 1026 
Illinois University; cross connection 
investigation, 924 
Indianapolis, Ind.; fire protection 
charge, Supreme Court and, 75 
Indianapolis Water Co.; publicity 
program, 1628 
Industrial waste; sce Gas and coke 
works; Mine; Oil; Phenol; Pollu- 


tion, industrial wastes; etc. i 
Infiltration gallery; 1087, 1141 ve 
typhoid outbreak and, 8 H 


Intake; cost, 778 
crib, timber, 266, 276, 771 
emergency, from polluted source; 
hazard of, 397 
typhoid and dysentery and, 413, 
426 
ice and; 422 
flow reversal and, 1102 


new, 1221 

river, 581 H 

pipe; gunite, construction, 267 
steel; 266, 771 it 


166 coating, asphalt, 267 
encased concrete 
gunite-lined, 1224 
Iodine; content of water supplies, 380 
germicidal effectiveness, compared 
with chlorine and bromine, 367 
see Goiter 
Iodine determination; o-tolidin and, 
373 
Iowa; water supplies, data, 986 
water works improvements, financ- 
ing, 989 
Iron; ore, supply in United States, 605 
stainless, 608 
in water; concentration, high, in- 
stance of, 661 
deposition in concrete pipe, 1754 
impounding reservoirs and; 1537 
lew bleeding from bottom and, 
1538 


and 


laundry and, 729 
organically combined; 936 
storage and, 938 
oxidation, pH and, 1548 
plumbing, staining and, 555 
taste and, 936 
utilization as coagulant, 1549 
see Chlorine, free, determination: 
Corrosion; Pipe; Softening 
Iron bacteria; see Bacteria, iron 
Iron chloride; see Coagulation; Soft. 
ening 
Iron corrosion; chromium, molyb- 
denum or nickel addition and, 609 
copper addition and, 608 
rust volume, compared with iron, 
1753 
theory, electrolytic, 1516 
see Corrosion; Pipe 
Iron removal; aeration and; 731, 1078 
coke beds and slow sand filtra- 
tion, 1550 
lime and filtration, 744 
alum, soda ash, chlorine, perman- 
ganate and filtration, 1538 
_ chlorinated copperas and lime, 936 
coal filters and, 718 
coke beds and, 674 
filter sand coated with iron oxide 
and, 1544 
filtration and pre-ammonia-chlor- 
ine treatment and, 1253 
iron and lime coagulation and, 1549 
lime; and chlorine, 943 
«soda softening and, 546 
softening and, 507 
organically combined, permanga- 
nate-lime-chlorinated copperas- 
alum; 937 
cost, 942 
plant, operation, laboratory con- 
trol, 1283 
zeolite and, 188 
Iron sulfate; see Coagulation; Iron 
removal 


Jersey City, N. J.; chlorination, early 
use of, 1573 
pipe, cement-lined, early use of, 
1728 


Kalamazoo, Mich.; fire services, il- 
legal use, penalty and, 1788 
pipe, cement-lined, 1746 
charge for, 1788 
Kansas; water cost in, 92 
Kansas City, Kans.; electric; power 
cost, 475 
rates, 467, 475 
water rates and cost, 475 


fi 
Kei 
7 
Ke 
tal 
= 
Li 
; 
L 
L 
y 
L 


xide 


lor- 


water works and light plants; com- 
bined operation of, 466 
financial data, 467 
Kendallville, Ind.; 
failure, 422 
Kenosha, Wis.; 
financing, 83 
Kentueky- Tennessee Section; 8th an- 
nual meeting, 1021 
Kirkland Lake, Ont.; 
ments, 681 


Labor; cost, 1840-1932, 346 
Laboratory; public relations value, 


1598 
purification plant operation con- 


water supply 


construction and 


taste experi- 


trol and, 1279 ins We 
records, 1599 

specifications and, 11200 


see Water analysis 
Laundry; hardness and, life of 
clothes, etc., and, 494, 1202 
iron and, 729 
see Soap 
Lawrence, Kans.; consumption, 263 
filters, coal and, 718 
purification plant operation, 260 
softening, 261 
taste, chlorine-ammonia and, 261 
Lawrence, Mass.; typhoid epidemic, 
cross connection and, 425 
Lawrence Experiment Station; his- 
tory, 1568 
Lead; electrolysis, alternating cur- 
rent and, 1421 
manganese oxidation and, 668 
poisoning, concentration and, 612 
see Services 
Leakage; location; 1339, 1347 
aquaphone and, 1344 
cost per million gallons saved, 
1348 
dye method, 1344 
services, abandoned, and, 
1346 
see Waste 
Leather; see Pump; Tannery; Tap 
Lehigh University; pool filters, coal 
as medium, 718 
Lehigh Water Co.; water supply, 
chlamydomonas and, 991 
Leiduin, Holland; manganese deposi- 
tion by bacteria, 672 
Leptothrix; 664 
discovery, 657 
manganese and, 658 
<= transmission; radio system, 


1339, 


system, 536, 544 
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Lindsay, Ont.; taste experiments, 681 rere 


Lexington, Ky.; water, iodine con- =| 
tent, 380 
Lille, France; manganese and, 657 
Lime; hydrated, cost, 505 
quick, air slaking, storage time 
and, 1197 
Lime treatment; feed apparatus; 323, _ 
1094, 1197 
screening to remove grit and, 1094 
see Calcium carbonate; Carbon 
dioxide removal; Coagulation; 
Color removal; Corrosiveness; _ 
Iron removal; Manganese re- 
moval; Sedimentation; Softening | 
Limestone: cost, 1520 
see Carbon dioxide removal 
Lincoln, Neb.; consumption, 248 : 
water works extension, bond issue we 
campaign and, 248 


Little Rock, Ark.; see 
Water Co 
Livingston, Mont.; filter plant, 582 
water; cost, 580 
supply, history, 579 J 
Lizard; colon-aerogenes organisms 
and, 1240 
Lockford, il. ; water-borne ‘‘food 
poisoning’ ’ epidemic (1912), 1058 - 
London, Eng.; filtration, early use of, ae 
1566 
tap washers, 
and, 1107 
Long Beach, Cal.; reservoir, group 
of steel tanks and, 1230 
Longview, Wash.; iron removal, 744 
Los Angeles, Cal.; aqueduct, in- 
creasing capacity by refinishing 
interior, 1047 
bill collection, 
and, 1659 
delinquent accounts, handling, 192 
financing, 315 
rates, 317 
water works; beautification, 847 
investment, 847 4 
Louisville, Ky.; Cardinal Hill reser- | 
voir, 909 
consumption data, 910 ae 
pipeline, concrete, Lock-Joint, 914 © 


Arkansas 


“leather bacillus’’ 


decentralization 


Lowell, Mass.; manganese removal, 
666, 1550 
typhoid fever, cross connection — 

and, 425 


water supply failure, 422 
Lynn, Mass.; services, cement-lined, 
1741 


Madison, Wis.; softening, savings a 
possible by, 498 


y 
Ne 
7 
tion; 
Soft. 
609 
iron, 
ltra- 
nan- 
936 
a 
1549 a 
1ga- 
on- 
ron 
rly 
of, 
ver 


Magnesium chloride; corrosiveness coke contact beds and, 666, 672, 64 cos 


and, 235 filters; lava and, 673 fre 
Mahoning Valley Sanitary District; manganese bacteria and, 665 nu 
softening sludge disposal, ponding pyrolusite and, 664, 667, 670 674 ‘ 
and, 1523 sand coated with manganese ox. pre 
Main; cleaning; extent practiced, ides and, 670, 672, 1539, 1544 ret 
1754 historical review and bibliography ' 
machine and, 136 655 
depth and, 175, 582 hydrogen-ion concentration and 
dual; 273, 327, 640 asa fe 671 
costs and, 202 rZoik iron and lime and, 672, 1549 
_ extensions, foreman’s office, port- lime and, 660 
able, and, 1671 manganese dioxide, contact with Met 
under houses, 642 and, 668 Cl 
jute packing, B. coli and, 1107 permanganate and, 673 Di 
manganese deposits and, 655, 658, Marble; cost, 1520 H 
669 see Carbon dioxide removal 8) 
see Construction; Financing; Pipe Marion Water Co.; softening sludge ta 
Maine; cross connections, policy re, disposal, 1531 se 
403 Maryland; cross connections, policy Met 
Maine Water Utilities Association; re, 401 er 
cross connections, resolution re, Materials; distribution, control, 1668 Mia 
407, 429 inventory, perpetual, 518, 1669 pe 
Manganese; concentration, high, in- see Pipe Mic 
stance of, 661 McKeesport, Pa.; chlorination taste rad 
deposition; bacteria and, 658, 672 and odor, ammonia and, 1070 b: 
in mains and pipes, 655, 658, 669, | Meningococci; longevity in water, 1% cl 
673, 1730 Merced, Cal.; main cleaning, 136 
in meters, 656, 667, 673 Mercury; specific gravity, 962 
filters, idle, re-solution and, 672 Meter; accuracy; specifications, 958 cl 
manganous salts, oxidation; air under-registration; electrolysis fl 
and, pH and, 1127 and, 1419 li 
chlorine and, 1128 low flows and, 1642 li 
oxidation; H-ion concentration and, of various types, 962 
8 compound, accuracy, 960 8 
lead, catalytic action of, 668 cost of various types, 962, 963 
oxidized, reduction with hydrogen damage; causes, 138 
peroxide, 1132 electrolysis and, 1419, 1426 
reservoir, impounding, and; 1537 freezing and, 138 Mi 
bleeding from bottom and, 1538 hot water and, 138 n 
solution from soil, 661 deposits; iron bacteria and, 1644 Mi 
_ in water; 667 manganese and, 656, 667, 673 ‘ 
- ob —— historical review and head loss in various types, 962 Mi 
-, ibliography, 655 large vs. several small units, 1640 , 
eae utilization as coagulant, 1549 location, practice, 173, 783 Mi 
eae ce, see Chlorine, free, determination operating characteristics of various 
Manganese determination; periodate types, 962 Mi 
i. and, 1130 ownership, practice, 241, 273 = 
o-tolidin and, 1119, 1129 repair; 1643 
Manganese hydroxide; __ isoelectric charging for, practice, 273 Mi 
Sis point, 941 cost, 917 ‘ 
a Manganese removal; aeration; coke percentage per year, 242 
beds and slow sand filtration, 1550 practice, 916 
and filtration; lime and, 662 stoppage, cement-lined pipe and, 
permanganate and, 662 1770 
alum, soda ash, chlorine, perman- testing; practice, 916 | 
ganate and filtration, 1538 ip view of consumer, 1633 | 
base exchange and, 663, 666, 667 types, various, 956 
catalysis and, 667, 670 Bib Meter reading; consumption, unusual, 
chlorination and, 672 idiasog checking and, practice, 781, 787 M 


n 


‘ious 


ind, 


cost, 920 
frequency, 241, 375, 782, 784, 918 
number per day, 242, 781, 784, 918, 
920 
practice, 779, 918 
readers; identification, 
791 
qualifications required, practice, 
788 
salaries; piece work pay and, 779 
practice, 779, 7 
two-man crews, 242, 375 
Metering; Baltimore, Md., 916 
Chicago, Ill., 1721 


practice, 


Durham, N. C., 240 

High Point, N.C.,375 | 

Syracuse, N. Y., 273 

tabulation, 783 

see Consumption; Rates 
Metropolitan Water District of South- 


ern California; see Colorado River 
Miami, Fla.; softening sludge dis- 
posal, 1532 
Microscopic organisms; alkalinity, 
caustic, and, 706 
bacterial aftergrowths and, 998 
chlorination and; 992 


ammonia and, 391, 687, 746, 864, 
1074, 1258 
chlorine absorption and, 998 y 

flow, velocity and, 745 


lime and, 714 : 
limestone or marble roughing filters 
and, 1521 
see Beverage; Chlamydomonas; 
Copper sulfate; Crenothrix; Fil- 
tration, = sand; Reservoir; 
Spirogyra; Taste and odor; etc. 
Middleboro, Mass.; manganese re- 
moval, 666 
Middlekerke, Belgium; chlorination, 
early, 1799 
Milk sugar refining; water quality 


and, 1219 
Mills-Reincke Phenomenon; 1057, 
1063 
Milton, Mass.; cement-lined pipe, 
1740, 1745 
Wis.; cross connections, 
distribution system records, 332 
pressure improvement, ground- 
level storage and booster station 
and, 1362 


tank, steel, construction, 1366 
typhoid epidemic, 426 
utility substructures 
location control, 332 
Mine waste; coal, pollution, 490 


in streets, 


Mineral content; industrial uses and, sy 


Minneapolis, Minn.; fire services, il- Bi 


Minnesota 
Missouri; water supplies, manganese _ 
Missouri Valley Section; 18th annual 
Mixing; aeration and; 254, 708, 712, é 


226 
of streams, tide and; 228 
selective taking of water and, 
234, 238 


legal use, penalty, 1788 
manganese, idle filters and, 672 


typhoid epidemic, cross connection 


and, 425 
Section; 22nd 


meeting, 282 
and, 665 
meeting, 286 


1098 
Aer-O-Mix, head loss and, 550 
basin, baffled, 255, 256, 1257, 1265 
bibliography, 1263 
detention period, 256, 504, 774, 834, 
1091, 1098 
flocculators and; 255 
power consumption and, 256 
impeller agitators, 840 
impeller and draft tube, 551 
mechanical, 712, 774, 833, 1196 _ 


_ pumps and; 1090, 1098 


alumina deposit in casing and, 
1091 
rate, 774 
spiral, 261, 1089, 1098 
velocity, measuring, method, 1263, 
1267 
see Coagulation; Color removal; 
ftening 


Moline, Ill.; typhoid epidemic; 426 


Monroe, N. C.; 


cross connection and, 425 
chlorine-ammonia 
treatment, 392 


Montana; Publie Service Commission, 


rate decision, 481 
services, ownership data, 200 


Montana Section; annual meeting, 


8th, 1019 
membership cup award, 1800 


Mount Clemens, Mich.; filter wash- 


ing, sand expansion and, 1236 


Napanee, Ont.; taste, activated car- 


bon and, 681 


National Fire Protection Association; 


cross connections and, 430 


Natrona, Pa.; taste, activated carbon 


and, 1075 


Nebraska; water bill as lien, 197 
Neenah, Wis.; typhoid epidemic, 426 


New Bedford, Mass.; 


check valve 
tests, 411, 438 ‘<< 


annual 


672, 674 
665 
aphy, 
and, 
) 
With, 
sludge 
oli 
policy 
69 
taste 
| 
126 
6 
958 
olysis 
4 
5 3: 
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= 
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= 
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New Brighton, Pa.; ammonia-chlor- 
ine treatment, 1080 
New Castle, N. Y.; automatic pump- 
ing station, 321 
New Castle, Pa.; taste and odor, 
activated carbon and, 1075 
New England Water Works Asso- 
ciation; cross connections, resolu- 
tion re, 405, 429 
New Jersey; cross connections; 442 
policy re, 402 
stream gaging, 1186 
surface water resources, 1185 
swimming pools; number, 124 
water quality standard, 128 
New Toronto, Ont.; taste, activated 
carbon and, 681, 689 
New York City; Catskill aqueduct, 
cement-lined steel siphons, 1729, 
1747 
Croton Lake pumping plant, water 
hammer and, 
fire services, practice, 1788 
leakage, locating and eliminating; 


cost per million gallons saved, 
1348 
pipe; cement-lined; asphalt coating 
and, 617 
bat fittings and, 1778 
i water quality and, 1766, 1770 
coating, exterior, 1780 
steel, bitumastic enamel coating, 
swimming pool 
standard, 128 
valves; operation, motor equip- 
ment, 1787 
smaller than main, 1786 
New York State; cross connections; 
442 
chlorinator and, 402, 404, 412, 440 
policy re, 401 
Dept. of Health farm, carbon di- 
oxide, marble contact beds and, 
1506 
Public Service Commission; meter 
accuracy specifications, 958 
taxation of publically-owned 
utilities and, 1714 
New York Water Service Corpora- 
tion; Syracuse suburban plant, 275 
Newark, N. J.; chlorine-ammonia 
treatment, 391 
Newark, O.; softening sludge dis- 
posal, 1531 
Newberry, 8. C.; 
ammonia and, 392 
Newcastle-on-Tyne; mains, 
nese deposits and, 655 


water quality 


taste, chlorine- 


manga- 
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Newt; colon-aerogenes 
and, 1242 

Newton, Mass.; mains, 
deposits and, 658 

see Ammonia 
ort ams, Mass.; water s 
failure, 422 uPply 


organisms 


manganese 


Oberlin, O.; softening; early use 
1530, 1795 
sludge 1530 
Odor; see Taste 
Odor’ determination; cold and hot, 
results, relationship, 979 
committee report, 1495 | 
dilution method; 974 
dilution water, preparation, ac- 
tivated carbon and, 975 
Spaulding threshold method; 1496 
accuracy, 1496 
standard method, 974 
Ohio; rates, outside city limits and, 
354 
softening, extent employed, 182 
water bill as lien, 197 
water works bond issues, 79 
Ohio River; intestinal disturbances 
after sterilization and, 1596 


phenol pollution control, River 
_ Board and, 1593 
Oil waste; see Chlorination, taste 


and odor; Taste and odor 
Oil well; salt water pollution, 491 
Oklahoma City, Okla.; pumping 
cubicle control equipment, 
Cncerios taste and odor studies, 677, 
Oregon; public utilities, taxation 
and, 1711 
stream flow data, 94 
waters, characteristics, 740 
Organic matter; disintegration, chem- 
istry of, 933 
Ortho; disregarded 
purposes 
Oswego, N. Y.; typhoid epidemic, 
cross connection and, 425 
Ottawa, Ont.; chloramine treatment, 
678 
filter plant operation data, 1088 
water quality, 1095 
Oxidation; nature of, 695 
Oxygen dissolved; aeration and, 950 
see Corrosiveness 


for indexing 


Pacific Gas and Electric Co.; pen- 
stock design, 882 

Pacific Palisades, Cal.; gastro-intes- 
tinal disease outbreak, 1055, 1064 
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Paint; corrosion preventing, 610 
see Pipe coating; Tank 
Paper manufacture; slime growths, 
chlorine-ammonia and, 1219 
water treatment and, 1216 
Parshall Venturi Flume; see Canal 
Pasadena, Cal.; Pine Canyon Dam, 
low heat cement and, 1350 
Pavement; opening for utilities, 
charges for in Pennsylvania, 637 
Pennsylvania; copper sulfate treat- 
ment, fish and, law and, 1074 
pavement openings, charge for, 637 
taste and odor control in, 1066 
Penstock; design, 881 
Permanganate; see Color removal; 
Hydrogen sulfide removal; Iron 
removal; Manganese removal; 
Taste and odor 
Pforzheim, Ger.; typhoid epidemic, 7 
Phenol; pollution control, Ohio River 
Bd., and, 1593 
sce Chlorination, taste and odor; 
Gas and coke works 
Philadelphia, Pa.; centrifugal pump 
operating data, 1384 
dysentery and typhoid outbreaks, 
cross connections and, 425 
filtration, palatability and, slow vs. 
rapid sand and, 1079 
typhoid, 1291 
water supply; 1288 
lactose-fermenting 
and; 1287 
disease incidence and, 1291 
Phosphate; see Boiler scale; Boiler 
water 
Phosphate determination; see Boiler 
water 
Pierre, S. D.; mains, manganese de- 
posits and, 669 
ine Canyon Dam; see Pasadena, Cal. 
ipe; handling, motor crane and, 1679 
air accumulations, relieving, 


organisms 


sections, exposure to sun, tempera- 
ture and, 1749, 1752 

stock handling and accounting, 
1716 


see Distribution system; Main; 
Penstock; Services; Water 
hammer 


Pipe, brass; corrosion, 1506 
electric circuit grounds and; cop- 
per in water and, 1425 
dezincification and, 1424 
water discoloration and, 1425 
see Services 
Pipe, cast iron; corrosion; centrifugal 
casting and, 628 


INDEX 


graphitic, 627 
tuberculation, carrying capacity — 
and, 630 
cost, 1910-32, 348 
line; 269, 276 es 
carrying capacity; cleaning and, >: 
136 


decrease with age, 1728,1731, 

1735 
centrifugal, cost, 630 

lining; bitumastic enamel; blister- 

ing and, 1433 

centrifugal application, 1431 

frietion coefficient, 244, 1434 

lead joints, pouring and, 1432 


iv 
temperature variations, con- 


ditioning for, 1432 
centrifugally applied; 615 i 
cost, 616, 630 
thickness required, 616 
manufacture, development, 627 
see Pipe, cement-lined; Pipe coat- 
ing; Pipe corrosion; Pipe flow; 
Pipe joint; etc. 
Pipe, cement-lined; 730 
carbon dioxide and, 617, 631, 820 
coating, natural, formation on, 
1738, 1740, 1754 ; 
corrosion, resistance to, 1753, 1758 
cost, 616 
cutting of, 1741 
diameter decrease and, 
cance, 1733 
dysentery and, 1770 
exterior, coating, method, 1780 
fittings, lining of; 1778 
method, mix and thickness, 1779 
friction coefficient; 629, 1730, 1735, 
1737, 1741 
age and, 1737 
handling, unloading, 
1746 
hardness and alkalinity increase 
and; 612, 617, 1733, 1754 
asphalt admixture and, 1778 
blowing off and, 1757 
boiling water treatment and, 
1766, 1768 
carbon dioxide treatment and, 
1765 
cement; alumina and, 1771, 1775 
type used, 1763, 1768, 1769 
coating and; 1760, 1769, 1770 
application method, 1771 
asphalt ; 617 
vs. tar paint, 1773 
prevalence, 1777 od 
taste and, 1763 


history, 616, 
= 


signifi- 


etc., 1742, 
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1740, 1754 
protection afforded, influence on, 
1759, 1762 
life, 616 
lining; cement, type of, and, 1750 
curing, 1750, 1752 
loosening and cracking of; 1742, 
1743, 1744, 1747, 1751, 1754 
Ne mix and thickness and, 1747, 
1749, 1752 
method; 616 
Lf centrifugal, 617, 1771 
projectile, 1751 
mix, 1747, 1749, 1752, 1758, 1771 
_ preparation of pipe for, 1739, 
1748, 1749 
thickness and; 616, 1732, 1734, 
1737, 1739, 1740, 1747, 1751, 
1771, 1779 
ends and, end rings and, 1779 
magnesium sulfate and, 617 
meter blockage and, 1770 
scoring of, 1741 a 
sediment and, 1770 
slime and, 1735 
specifications, 1732 = | 
symposium, 1728 E 
tapping of, 1741 A 
taste and, asphalt coating and, 617 
tuberculation, freedom from, 1740, 
1754 
yard storage of, 1744, 1746, 1750 
see Pipe, wrought iron 
Pipe coating; bituminous; 1392 
admixtures and, 618, 1396 
asphalt; 618 
cOG% vs. coal-tar base, 1393, 1413 
; natural vs. petroleum, 1394, 
Ne 1413 
petroleum, air-blown, 1394, 
1413 
hot-dip vs. cold, 1397, 1415 
paints, drying oils and, 1396 
specifications, 1405, 1417 
tar and, 618 
testing of; 1397, 1415 
base, nature of, determina- 
ba, tion, 1401 
in field, 1397 
laboratory methods, 1398 
characteristics required, 1391, 1393, 
1412 
cost, 1390 
external; 621,622 | 
asphalt and, 623 
tar pitch and, 623 
gunite and, 623 
paint and, 624 sate 
public reaction to, 1780 


leaching of lime, ete.; 1733, 1739, 


thickness and, 1734 
wrapping and; 623, 1412 
cost, 623 
lining; 611 
bitumastic enamel; centrif 
applied, 619 
flowing of, whitewashing and, 


619 
jointing and, 619 
taste and, 619 


bituminous; 618 
centrifugal application, 615 
economy of, 630 
friction coefficient of various, 629 
loosening of, 1387 
smoothness, carrying capacity 
and, 619 
Talbot, 620 
taste and odor and; 681, 692, 1387, 
1773, 1777 
testing and, 1399, 1776 
paints and, 1391 
see Calcium carbonate; Intake; 
Pipe, cast iron; Pipe, cement- 
lined; Pipe corrosion; Pipe, steel 
Pipe, concrete; centrifugal; 628 
leakage and, 628 
friction coefficient, 629 
iron, deposition in, 1754 
life of, 629 biquet 
Lock-Joint; joints, 914 
leakage, 914 
line; 914 
cost, 915 
Pipe, copper; cost, 1929-33, 1655 
= corrosion; 607 
actors, 611 
gravel drainage bed and, 608 
loss, annual, 605, 818, 1390 
metals, dissimilar, and, 609, 624 
protective film formation; calcium 
carbonate and, 266, 613 
sodium silicate and, 613 
seale, composition, 955 
soil constituents and, 620 
tuberculation; 1388 
iron bacteria and, 614, 1388 
iron deposition from water and, 
608, 615 
nature and composition, 614, 1388 
removal; acid and inhibitor, 613 
scraping and, 615 
see Corrosion; Corrosiveness; Iron 
corrosion; Pipe, cast iron; Pipe, 
coating; Pipe, galvanized; Pipe, 
steel; Steel; etc. ES 
Pipe flow; formula; 1551 
Williams-Hazen, 629 
friction coefficient; 245 
diameter required and, 1435 
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e; 


see Pipe, cast iron; Pipe, steel — 
Pipe, ga vanized; corrosion; pH and, 


soil and, 611 
threaded joints and, 620 
see Services 
Pipe, gunite; 268 
see Intake ; 
Pipe, iron; corrosion, copper addi- 
tion and, 613, 622 
Pipe, joint; cement; 619 
insulating value, 626 
leadite; electric circuit grounds to 
water pipes and, 1428 
insulating value, 626 
see Pipe, cast iron; Pipe, concrete; 
Pipe, galvanized 
Pipe, steel; coating; external; as- 
phalt; 1440 
and 
1 


aluminum paint; 


cost, 1439 
and cement mortar wrap- 
ping; 1440 


cost, 1439 
poe and felt wrapping; 1440 
cost, 1459 
 bitumastie enamel and ce- 
ment mortar wrapping, 1436 
eonerete; 1441 
cost, 1439 
gunite; 1442 
cost, 1439 
lining; bitumastic enamel; c 
trifugal application, 1433 
friction coefficient and, 
life of 1436 
ife of, 143 
gunite, cost, 1439 
tar or asphalt, 611 Twsds 
corrosion; copper addition and, 
613, 622 
soil, gunite coating and, 623 
tuberculation, carrying capacity 
and, 630 
see Intake; Pipe, 
Pipe coating; 
Pipe flow; Steel 
Pipe, wood-stave; chlorination taste 
and, 691 
Pipe, wrought iron; 
and covered, old, 629 
Pittsburgh, Pa.; pipe, cement-lined, 
water quality and, 1767 
turbine-driven pumps, duties, 1379 
Plainfield, N. J.; water supply fail- 
ure, 423 
Plumbing; fixtures; siphonage into 
supply and, 414, 924 


cement-lined; 
Pipe corrosion; 


cement-lined 


i 
en- 


SUBJECT INDEX 1851 
linings, various, and, 629 staining; copper and, electric 


circuit grounds and, 1425 
iron and; 555 
electric circuit grounds 
and, 1427 
health hazards, elimination, 443 


see Drinking fountain; Tap; Water } 


closet 
Plymouth, Wis,; financing, 1702 
Pneumococci; longevity in water, 126 
Pocomoke City, Md.; corrosiveness, 
aération and lime and, 953 
Pollution ; area of influence, extended, 
instance of, 1595 
industrial waste, 
boards and, 1593 
intestinal disturbances after puri- 
fication and, 1060, 1066, 1596 
stream, control, regional, 179 
see Gas and coke works; Mine; 
Oil well; Phenol; ete. 


control, river 


Pontiac, Mich.; meters, several small ; 


vs. one large, 1640 
service charge, 1640 

Population; rate of increase, American 
cities, 79 

Potassium permanganate; see Per- 
manganate 


Pressure; low; complaints re, hand- 


ling, 1633 
frequency, 923 
practice, 263, 708, 1328, 1645, 1787 
readings, transmission by tele- 
phone, cost, 1788 
recorders, value, 1645, 1787 


storage, ground-level, and booster 


station and, 1362 
Providence, R. I.; filter operation 
data, 1549 
iron and manganese removal, 1549 
Prussia; typhoid statistics, 1 
Pseudomonas; well pump leathers 
and, 1110 
Public relations; consumers’ good 
will, value and promotion of, 1623 
cross connection problems, diplo- 
macy and, 1600 
laboratory and, 1598 
publicity program and, 1628 
purification plant visitation and, 
1106 
service continuity and, 1627 
Pump; electric drive, cost, efficiency 
and, 971 
Pump, centrifugal; discharge line, 
stop and check valves and, 206 
drive; electric; efficiency, impor- 
tance, 205 


installations, operating data, 
1382 
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sits operation, automatic, 323 operation, written instructio R 
size selection, 207 and, 1598 * b 
vs. steam turbine, 1380 records, 1102 

steam turbine; installations, oper- visitors, value of, 1106 ak 


ating data, 1381 see Aeration; Chlorination; Filtra. 
eof vs. triple expansion pumps, tion; Softening; etc. 

costs, 1326 Pyrolusite; see Manganese removal 

trend, 1380 Bata R 


efficiency; 1375 hrerry | Quebec; public health engineering 
maintaining; 1383 urban in, 1245 
labyrinth vs. plain rings and, typhoid and, 1247 mK 
1383 water supplies, data, 1246 


history, 1372 


leakage loss and axial thrust, 1383 Racine, Wis.; construction and f.- 


noise and cavitation, speed and, nancing, 82 A 
1374 Railroad; boiler water accomplish- 

progress and, 1373 ments, 1587, 1799 ral 

speed, maximum, and, 1374 hard water, cost and, 497 i 

suction; aqueduct arch, through, Rainfall; absence of, Antofagasta, Of 
vacuum priming system, 321 Chile, 1003 a i 
lift, limit, 206 Colorado River watershed, 793 


water hammer and, 880, 883 drought of 1930; ground water and, ; 
Pumping station; 581, 707 248 
booster, and ground-level storage, stream flow and, 168 
pressure improvement and, 1362 water supplies and; 168, 238 


drive; Diesel, 708 industrial and, 226 R 
electric; control; automatic, 532 dust particles and, 1005 a 
remote; direct wire, 533 St. Thomas, Ont., 1096 24 


see Run-off; Stream 


- bers supervisory, 535 
Rates; bill, amount of, 242 


equipment, 208 


ent outdoor, 442, 544 city limits, customers outside, 
Tay starting; line, 208 and, 69, 354 em 
motors and; control, Durham, N. C., 241 
types, 531 establishing, 66 
Pipe types, 529 Kansas, 92 
+inte switching structures, factory Kansas City, Kans., 475 


built metal-enclosed, 541 
standby; Diesel engine, 210 
gasoline engine, 210, 708 
heating, 211 
lighting, auxiliary, 209 


large users, reduction for, 72 
Los Angeles, 317 
metering and, 72 
minimum; 73, 241, 274, 475 
theory, 1634 


low service, operation by remote municipally-owned plants; con- I 
control from high service, 772 struction policy and, 79 I 
new, 554, 772, 777, 833, 835 vs. private ownership, 71 “| 
operation, peak periods, elevated state regulation and, 1690 rr 
storage and, 909 population and, 71 
practice, 205 review of, frequency, 349 ] 
structure, 210 service charge and, 173, 317, 353, 
Purchasing; for group operation, 519 1640 ] 


Purification; bypasses and; hazard 
and, 397 
typhoid and dysentery and, 413, 


statistics, 70 
Syracuse, N. Y., 274 
vacant property and, 317 


426 Washington Suburban Sanitary 
control, laboratory, 1279 District, 173 
costs; analysis, 965 see Fire protection; Valuation 


percentage of total, 972 
devices, nomenclature, 747 
history, 156 went 
plant; design, preliminary experi- 
ments, value of, 1279 


Records; see Complaints; Distribu- 
tion system; Laboratory; Purifi- 
cation; Well 

Refrigerator; cross connections and, 
442 
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= 
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ions 


sta, 


nd, 


u- 


Reservoir; beautification, 849 
concrete, new, 835 
frog infestation, 1238 
overflow connection to sewer, haz- 
ard and, 415 
worms, blood, covering and, 1251 
see Level 
Reservoir, distribution; concrete; 582 
cost, 914 
cracks, repair, 913 
leakage, 914 
new, 913 
embankment type, concrete-lined; 
costs, 514 
design and construction, 508 
iron bacteria, water discoloration 
and, 
lining; concrete, 270, 511 
gunite; 268, 271 
leakage and, 271 
repair, gunite and, and cost, 271 
steel tanks, group of; 1230 
cost, 1233 
worms, blood (Chironomus), and, 
337 
Reservoir, impounding; evaporation 
loss, 797 
iron and manganese and; 1537 
bleeding from bottom and, 1538 
limestone bottom, alkalinity in- 
crease and, 1795 
microérganisms, control, 746 


qilting. 797 


stripping and, 492 


stratification, taste and odor and, 


drawoff level and; 1076 ” 
flexible intake and, 1077 " 
weeds and; 492 bac 
shore line, oil spraying and, 850 


ie see Copper sulfate; Stream; Wa- 


tershed 

Rhode Island; water bili as lien, 197 
Richmond, Va.; chlorination taste, 
ammonia and, 1793 

coagulation, improved, flocculators 


and, 254 
Rock Falls, Ill.; typhoid epidemic, 
cross connection and, 426 
Rockaway, N. J.; typhoid epidemic, 
cross connection and, 425 
Rockford, Ill.; water supply; geologi- 
cal features, 1143 
history, 1140 
Rocky Mountain Section; 6th annual 
meeting, 284 
Rodriquez Dam; construction fea- 
tures, 355 
Rome (ancient); aqueducts, 1002 
Roswell, N. M.; artesian well, 1003 
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Rotterdam, Holland; manganese and, | 
657 

Ruhr, Ger.; typhoid and, 3 

Run-off; rainfall and, 102, 793, 1096 
see Stream 


Saint Cloud, Minn.; ammonia-chlor- _ 
ine treatment, 859 : 
filtration, sand depth and, 865 . 
taste and odor, activated carbon ~~ 

and, 862 Ee 
~— Joseph, Mich.; new filter plant, 


Saint Louis, Mo.; coagulation experi- _ 
ments, mixing velocity and time, 
1263 
report, early (Kirkwood), 

566 
fire services, charge for, 1788 
pipe, cement-lined, 1741 

Saint Paul, Minn.; fire services, — 
charge for, 1789 
services, installation by plumber, | 

1790 

Saint Thomas, Ont.; 
operation data, 1096 
rainfall, 1096 

Salamanders; B. coli and, 1238 a 

Salem, Mass.; cross connections, 
check valve tests, 433 en 

Salem, Va.; coagulation, activated — 
carbon and, 1606 ‘ 

Salisbury, Md.; corrosiveness, aera- 
tion and lime and, 953 ; 

San Francisco, Cal.; Hetch Hetchy 
pipeline, coatings, data, 1438 
services, costs, 444 
softening, fuel saving possible by, 

498 

Sand; see Filter sand; Filtration, 
rapid sand; Wells 

Sandusky, O.; softening sludge beds, 
design data, 1532, 1796 

Sanitary Districts; financing and, 169 
value of, 177 
see Washington Suburban Sanitary 

District 

Sanitary engineer, state; work of, 


filter plant 


Santa Ana, Cal.; gastro-intestinal 
disease outbreak, 1054 

Santa Paula, Cal.; gastro-intestinal 
disease outbreak, 1055, 1062 

Sao Paulo Tramway Light and Power 
Co.; penstock design, 881 : 

Schenectady, N. Y.; typhoid epi- © 
demic, 426 

Scranton-Spring Brook Water Service 
Co.; copper sulfate treatment, 1072 | 

Screens; self-cleaning strainer, 322 


— 
tra- 
al 
ring 
fi- 
ish- 
3, 
ry 


Seattle, Wash.; centrifugal pump 
bids, data, 1376 
reservoir, new; costs, 514 
design and construction, 508 
tanks, steel, new, 513 
Sedimentation; rate, Colorado River 
silt, 798 
turbidity removal and, 260 
Sedimentation basin; algae growths; 
ammonia-chlorine treatment and, 


copper sulfate and, 687 
clarifier and; 839 Sta 
efficiency, 839, 843 
detention period, 260, 687, 839, 
1097 
see Coagulation basin 
Services; abandoned, leakage and, 
1339, 1346 
brass, water discoloration, electric 
circuit grounds and, 1426 
cast iron; 620 
cost, 816 
installation, boring and, 815 
cement-lined, 1731, 1732, 1741 
charging for, 173 
copper; 273, 620, 631, 811 
cost, 816 
installation; boring and, 814 
method, 812 
corrosion; 612 
dissimilar metals and, 610, 1789 
cost, various materials, 444 
depth, 815 
electrolysis; 222 
failure and, 1418 
insulating joints and, 626 
galvanized; corrosion and tuber- 
culation, 620 
life, 620 
installation by plumber, 1790 
iron, water quality and, electric 
circuit grounds and, 1427 
lead, lead in water and, electric 
circuit grounds and, 1426 
manganese deposits and, 673 
materials; practice, 1655 
selection, 1653 
ownership, main to property line; 
199, 1653 
dual mains and, 203 
repair costs, practice, 1656 
size control, 1657, 1789 warily 
steel; galvanized, lead-lined, 811 _ 
life, 811 
tuberculation, carrying capacity 
and, 811 
trench, joint use of, 641 
see Pipe, brass; Pipe, copper; 
Sprinkler system; etc. 


Settling; see Sedimentation = 
Sewage treatment; extent employed, 
1595 
Sheboygan, Wis.; 
system, 327 
water works funds, transfer to 
general fund, decision re, 1709 
Sherrill-Kenwood Water District; car. 
bon dioxide removal, limestone 
contact beds and, 1510 
Siderocapsa; manganese deposition 
and, 663 
Silica; see Boiler scale 
Snake; B. coli and, 1240 
Soap; consumption, hardness and, 
survey, 645 
waste; hardness and, 493, 984, 1005 
softening and, 506. 649, 983, 1200 
water used with, volume, 983, 1200 
inn affairs; Annual Convention, 
Canadian Section, 1016 
Illinois Section, 1024 
Kentucky-Tennessee Section, 1021 
Minnesota Section, 282 
_ Missouri Valley Section, 284 
Montana Section, 1019 
Rocky Mountain Section, 284 
Southeastern Section, 1017 
Soda ash; evaluation, basis, 1792 
see Corrosiveness; Softening 
Sodium aluminate; see Coagulation; 
Softening 
Sodium chloride; fish and, 239 
weight of, 185 
see Chloride; Softening; Stream 
Sodium hypochlorite; see Beverage 
Sodium silicate; see Pipe corrosion 
Softening; base exchange; 1205 
advantages, 188 
corrosiveness and, 188, 1285 
cost, compared with lime-soda, 
188, 190 
efficiency, sodium chloride con- 
tent of raw water and, 233, 236 
hardness, residual, control, 187 
iron and, 191 
iron removal and, 188 
laboratory control, 1285 
plants, municipal, number in 
United States, 184 
regeneration; automatic, 186 
reuse of portion of brine, 186 
tan salt required, 185 
wash water percentage, 191 
zeolite; capacity of, 185 
early, greensand and syn- 
thetic, 184 
synthetic, weight of, 185 
cost, municipal vs. household, 648 


valve location 
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developments in, 181 % 
extent employed, 182, 986 
fuel saving and, 498 Ny 
health and, 1201 mi 
lime; 261 ree 
clarifier and, efficiency, 504 
coagulation ‘and, alum vs. ferric 
chloride, 505 
corrosiveness and, 507 
cost, 506, 715 
required, calculation, 
excess; clarification effected by, 
841, 846 
magnesium removal and, 841, 
bonati 1195 
recarbonation; 
chemistry of, 1204 


cost, 983 
we hardness, residual, and, 
1195, 1205 


neem plant cost, 984 
and recarbonation; 
cost, 844, 1199 
boa Au plant and results, 1196 
ee sludge return and, 839 
hardness reduction per grain, 505 
mixing period and, 712 
plant, 712 
quick- lime vs. hydrated, 1197 
recarbonation and, 262 
sedimentation eriod, 505, 712 
sludge removal, continuous, 712 
-soda; advantages, 189 
¢hemical feed and, 550 
chemistry of, 1204 
elarifier and; 840 


detention period, 840, 
1196 
+ efficiency, 1196 
cost; 546, 548 
compared with base ex- 
& change, 1194 
filter sand incrustation and, 
recarbonation and, 182 


hardness reduction, limit, 
«4195, 1205 
laboratory control, 1284 
ss Mixing; period and, 840, 1196 
1 & velocity, 1196 
2 plant; cost, 548, 556 
experimental, 546 
new, 546 
requirements, 183 
sludge return and, 552, 841 
sodium aluminate and; 502 
magnesium removal and, 
502 


-zeolite; 187 
cost, 548 


H swe 
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plant cost, 548 : 
municipal; hardness, residual, and, = 
187, 262, 506, 546, 713, 844, 1193, 
1198, 1285 
method, selection, 188 
plants; cost, 989 
first in United States, 1520, 1795 — 
small, design; 982 
capacity required, 987 
savings and; 498, 555, 1199 
in bottled water purchases, 507 
economy formula, 652 


sludge; disposal; 183, 506, 1523, 
1531, 1795 
agricultural use and, 1529, 
1532 


as fill, 1532 
ponding and; design con- 
“wi J siderations, 1523, 1532 
pond costs, 1528 
fish and, 1531 
lime recovery, 1524 
moisture content; 1531, 
1533 
air drying and, 1529, 1532 
vacuum filters and, 1532 
production; 1529, 1531, 1533 
calculation, 1525 
specific gravity or weight per 
cubic foot, 1530, 1533 
volume per ton, various moisture = 


1529, 


contents, 1527 
sodium aluminate and, 501 7 
see Carbonation; Hardness; Soap 
Soil; corrosiveness, composition and, 


Somerville, N. J.; filtration, early 
use of, 1568 oa 
South Pittsburgh Water Co.; taste — 
chlorine-ammonia and 


and odor, 
activated ‘carbon and, 1070 <i 
Southeastern Section; 5th annual hs, 


meeting, 1017 
Southend Water Co.; softening, lime _ 
recovery and, 1524 
Southern Pines, N. C.; coagulation, 
activated carbon and, 1606 
Specifications for construction; 
standardization and, 113 
Spirogyra; growths of, 992 
Spirophyllum; 664 
discovery, 657 
distribution system growths, chlor- 
ine-ammonia and, 1252 
manganese not deposited by, 658 
see Bacteria, iron 
Spring; typhoid and, 18 
see Water, ground 
Spring peeper; colon-aerogenes or- 
gapisms and, 1243 
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Spring Valley, N. Y.; taste and odor, 
electric circuit ground and, 1427 
Springfield, Ill.; odor determination 

experiments, 1496 
preammoniation, 1117 
Springfield, O.; typhoid epidemic, 
cross connection and, 425 
Springfield Consolidated Water Co.; 
cement-lined pipe and, 1736 
Sprinkler system; charging for, 76, 
1650, 1788 
inspection and control, 1649 
insurance rates and, 76 
water, illegal use; checking, 1651, 
1788 
penalty for, 1788 
Staphylococcus; longevity in water, 
126 


in water supply, intestinal dis- 
orders and, 1058, 1060 
State Sanitary Engineers’ Confer- 
ence; cross connections, resolution 
re, 404, 428 
see Sanitary engineer 
Steam; purification, 1585 | 
purity, importance, 1585 
see Boiler 
Steel; corrosion, copper addition and, 
608 


stainless, 609 
see Corrosion; Iron; Pipe; Steel; 
Tank; etc. 
Sterilization; see Chlorination; Cop- 
per sulfate 
Sterling, Ill.; typhoid epidemic, cross 
connection and, 426 
Stevens Point, Wis.; financing, 1704 
Stockton, Cal.; chlorination taste, 
preammoniation and, 341 
reservoir; iron bacteria and, 340 
worms (Chironomus) and, 337 
water works investment per con- 
sumer, 810 
Storage; elevated, pump operation 
and, 909 
see Color; Reservoir; Stream; Tank 
Stream; flow; drought of 1930 and, 
168 
ground storage and, 97 
rainfall and, 96 
variation coefficient, computa- 
tion, 94 
gaging; current meters; precautions 
and, 806 
velocities observed, averag- 


ing of, 808 
New Jersey and, 1186 
procedure, 1187 a 


stage recorder, precautions and, 
805 
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value, 1190 
water surface slope, 
and, 808 
hardness, flow and, 227 
mineral content, tide and; 228 
selective taking of water and, 
234, 238 
salt water penetration, aquatic li 
and, 239° 
storage requirements for varying 
drafts, determining, 94 
see Pollution 
Streptococci; hemolytic; longevity 
in water, 126 
in water supply, intestinal dis- 
orders and, 1056, 1058, 1060 
in swimming pool water; chlorina- 
tion and, 127, 132 
detection, 127, 130 
as quality index, 127, 131 
Superior, Wis.; soap consumption, 
hardness and, survey, 645 
Susquehanna River; salt water pene- 
tration, 238 
Swimming pool; construction and 
operation standards, Joint Com- 
mittee and, 125 
cross connections and, 415, 924 
disease transmission and, 126 
number; in New Jersey, 124 
in United States, 124 
rope, cotton, colon-aerogenes or- 
ganisms and, 1107 
water; bacterial count and B. coli 
content, correlation, absence of, 
128 
B. coli, multiplication and, 127 
chlorination; ammonia and, 395 
residual and, 128, 132, 134, 
851, 854 
contamination by bathers, sig- 
nificance, 125 
copper sulfate treatment, 719 
filtration, pressure, coal as me- 
dium; 718 
efficiency, 721 
quality; index; bacterial count 
and, 131, 134 
B. coli and, 131, 134 
streptococci and, 127, 
31 


variable 


ganitary survey and, corre- 
lation, 133 
standards, 127, 134 
recirculation rate, 719 
streptococci; chlorination and, 
detection, 127, 130 
temperature and, 719 
Symbiosis; see Bacterium coli test 
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chlorides and, 237 


Syracuse, N. Y.; consumption, 274 
rates, 274 
water supply history and descrip- 

tion of works, 264 
see New York Water 
Corporation 


Service 


Tadpole; colon-aerogenes organisms 


and, 1242 
Tank; level control, 513 


steel 1784 


construction, 1231 

cost, 1233 

earthquake resistance, 1230 

encased in masonry, 272 

group of, as service reservoir, 
230 


lining; gunite and, 273 
Hermastic enamel and, 273 
new, 513 
obscuring with vines, 849 
painting, 1233, 1367 
welded; construction and cost, 
1368 


record size and, 1366 
wash water, new, 776 
see Storage 
Tannery; iron staining and, 1218 
Tap; leather washers, ‘“‘leather bacil- 
lus’ and, 1107 
Tarentum, Pa.; taste, ammonia-chlor- 
ine and prechlorination and, 1075 
Taste determination; 980 
Taste and odor; aeration and, 681, 
1078 
carbon, activated, and; 678 
filtration and, 680, 1260 
powdered, addition, and; 
681, 860, 1076, 1079, 1503 
application, point of, 1502, 
3 
gost, 682 
dosage; 682, 710, 716, 1071, 
4075, 1077, 1502, 1603 
required, determination, 
9 


168, 


filters; carbon reaching, im- 
portance, 1605 
impregnating with, 1603 
initial steps, advisable, 1603 
chlorination; ammonia and, 168, 
680, 1075, 1077, 1079, 1259 
pre- and, 1078, 1079 
guper- and, 681 
¢lay, absorbing, addition and; 1077 
dosage and cost, 1078 
coagulation and; 1604 
sludge putrefaction and, 1092, 
1604, 1606 


committee report, 1490 
electric circuits grounded to pipes 
and, 1425 
filtration and; 507 
slow vs. rapid sand, 1079 
gas works waste and, 716 
health and, 1066 
iron, organically combined, and, 
936 
microorganisms and; 274, 706, 1072 
Beggiatoa and, 504 
carbon, activated, addition and; 
862, 1074 
cost, 690 
dosage, 689, 1631 
Chlamydomonas and, 993 
chlorination and; ammonia and, 
261, 686, 862 
pre- and, 1630 
copper sulfate and, 1630 
Crenothrix and, 504 Mass 
Uroglena and, 1073 wre 
oil and, 1070, 1078, 1482 dau T, 
permanganate and, 678, 681, 1076 
pipe; cement-lined, and, 1763 
coatings and, 1387, 1773, 1777 
practice, tabulation, 1490 
reservoir stagnation, drawoff level 
and, 1076 
substances causing, 677, 681 
types, prevalence, 1503 
see Ch orination, taste and odor; 
Odor 
Taxation; of municipally owned 
a 84, 1694, 1695, 1697, 1708, 
1 
franchise tax and, 1714 
Temperature; see Coagulation; Fil- 
tration, rapid sand; Swimming pool 
Tennessee; cross connections, policy 
re, 402 
Terre Haute, Ind.; valve and hy- 
drant maintenance, 525 
Texas Empire Pipe Line Co.; Sands 
Springs pumping plant, 537 
Textile cadastiy ; water quality and, 
1217 
Thomasville, Ga.; water softening 
plant and results, 1193 
Tijuana, Mexico; Rodriquez Dam 
construction, 355 
Timmins, Ont.; taste experiments, 
681 
Tiverton, R. I.; typhoid epidemic, 
cross connection and, 426 
o-Tolidin; see Bromine; Chlorine, 
free, determination; Iodine; Man- 
ganese determination 
Tonawanda, N. Y.; typhoid epi- 
demic, 426 
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Toronto, Ont.; intake, new, 1221. | 
valves smaller than main, 1787 © 
Tree; pollen, in water, as intestinal 

irritant, 1056, 1059 
Tunnel; concrete-lined, calcium car- 
bonate accretions, 1333 
damage, external; 1331 
repair, 1332 
private property and, damage suit 
and, 1332 
rock vs. clay, 1334 
in rock, cost, 1334 
surge problem, 1321 
Turbidity; see Coagulation; Filtra- 
tion, rapid sand; Sedimentation 
Turbidity determination; standards; 
comparison with, apparatus for, 
584 
preparation; 587 
frequency, 589 
unit, standard, U. S. 
Survey, 584 
Turbine; hydraulic, efficiency, 1385 
steam; blade deposits; 1586 
silica and, 237 
efficiency, 1379 
history, 1372 
Turtle; B. coli and, 1240 
Typhoid; chlorination and, 3 
epidemics; cause, determining, 3 
season and, 16 
waterzborne; carriers and, 13, 
16, 18 
characteristics, 4 
chlorination and, 13 
cross connections and; 8, 399 
list of, 423 
economic conditions and, 11 
Germany and, 1 
infiltration gallery and, 8 
ey auxiliary, and, 413, 


Geological 


population, proportion af- 
ected, 11 


purification plant bypasses 


phen and, 413, 426 
“ye springs and, 18 
wells and, 7, 16, 18 
1920-1930, 399 
incidence, analysis, world-wide, 
1589 


incubation period, 4 

lactose-fermenters other than B. 
coli and, 1291 

Philadelphia, 1291 

Prussia, statistics, 1 

Quebec, Province of, 1247 

statistics; large cities of United 

1932, 1157 

nonresident deaths and, 1157 © 
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water-borne; 
and, 922 
damage award and, 442 
see Disease 


cross connectiong 


United States; business conditions 
1790-1932, 348 , 
National Industrial Recovery Act 

public works and, 1007 , 

United States Geological Survey; 

supply activities, history, 
5 

United States Reclamation Service: 
Arrowrock Dam, downstream face. 
sloughing of, 1351, 1360 : 
Boulder Dam power plants, con- 

duits, design, 882 

Uroglena; copper sulfate and, 1073 
taste and, 1073 

Utilities; see Financing; Taxation; 
Water works; etc. 


Valuation for rate making; goi 
value and, 351 essa: 
material stocks and, 352 
‘‘present value’’ and, 344 
reproduction cost and, 345 
working capital and, 352 

Valves; check, leakage and, 923 
see Cross connection; Distribution 

system 

Van Wert, O.; typhoid epidemic, 
cross connection and, 426 

Venturi flume; Parshall, 804 

Vessel, navigating; disease, water- 
borne, and, 442 

Viscosity; see Filtration, rapid sand 


Wallaceburg, Ont.; taste, ammonia- 
chlorine and, 681, 683 

Washington, D. C.; Dalecarlia pump- 
ing stations, water level trans- 
mission, Televox and, 536 
water supply history, 1081 

Washington Suburban Sanitary Dis- 
trict, Md.; commission, powers and 
consumption, 168 


financing, 169 
history, 163 tiny 
hydrants, adjustable to altered 


street grade, 175 
rates, 173 
taste and odors; ammonia-chlorine 
and, 168, 393 
carbon and, 168 
works completed and projected, 167 
Washington State; stream flow data, 


waters, characteristics, 740 
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Waste; surveys, regular, and, 274 
see Leakage 
Water; volume in existence, 1001 
Water analysis; ‘‘Standard Methods,’ 
7th edition, errors and omissions, 
1443 
tests required for purification con- 
trol, 1279 
see Bacteriological examination; 
Bacterium coli test; Chlorine, 
free, determination; "Manganese 
determination; etc. 
Water closet, flushometer; siphonage 


into supply and; 924 —-- 
preventing, 927, 929 
tests demonstrating, 926 mt 


Water cost; Kansas, 92 
Kansas City, Kans., 475 
Livingstone, Mont., 580 

Water divining; see Water, ground 

Water, gratuitous; 83, 91, 1695 
Syracuse, N. Y., 273 


Washington Suburban Sanitary 
District, 173 
Wisconsin and, 1697 
Water, ground; depth, maximum, 


and, 1001 
divining; ancient use of, 1004 
reliability, 1004 
drought and, 248 
movement, rate of, 558 
volume in existence, 1001 
see Infiltration gallery; Spring; 
Well 
Water hammer; bibliography, 880 
conduits and; 879 
pump discharge and, 880, 883 
surge tanks and, 880, 883 ile 
formula, 880 
symposium on, 878 
theory, historical outline, 879 
Water measurement; methods, 803 
stage register, float cord and, 803 


see Canal; Current meter; Level; 
Stream; Weir; ete. 
Water quality; bacteria, lactose- 


fermenting, other than B. coli, 
sanitary significance, 1293 
B. aerogenes, significance, 566, 1478 


industrial development and, 653 
industrial use, suitability for, obli- 
gation re, 1577, 1587 
see Swimming pool 
" supply; drought and, 168, 226, 


4 boron and, 802 


failures, list of, 421 


industrial, salinity, importance, 
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interstate carrier use, certification 


3 
sources, data, 986, 1002, 1247 
see Purification; Sterilization; 

Stream; Well; ete. 

Water weeds; carbon dioxide 
pH and, 992 on 
see Reservoir, impounding 

Water works; beautification, 847 
and electric power plants, com- 

bined operation, advantages, 465 
group operation, 515 
investment; 847 
per consumer, 810 
municipally owned, state regula- 
tion, 1691 
operators, certification, 1026 
ownership data, 1690, 1696, 1701 
value per capita, average, 79 are 
see Accounting; Administration; 
Billing; Construction; Distribu- a 
tion system; Financing; Fire pro- 
tection; Materials; Purification; 
Taxation; Valuation; ete. 

Watershed; ownership, 491 ae 

Watertown, N. Y.; cement-lined 
pipe, 1745 
reservoir, alkalinity increase and, 

1795 

Wausau; cross connection, epidemic 
and, 426 
manganese removal, 672 

Waynesboro, Pa.; chiorine-ammonia 
and, 393, 1079 ae 

Weir; water measurement and, 804 

Well; ammonia, free, instance of high 
content of, 1251 
arsenic and, 744 
artesian; ancient, 1003 

definition, 1003 
caging; corrosion, salt water and, 


failures, instances of, 572 ah" 
life of, 572 aa 

construction; casing, geological 
conditions and, 1212 
deep, drilling, geological con- 

ditions and, 1210 

records of, value, 1215 

deep, in Illinois, geological con- _ 
ditions and, 1207 

gravel wall, construction; gravel — 
sterilization, 560 
rotary drilling, 558 

pollution; abandoned wells and, 
571 

B. aerogenes, significance, 566 

reworking and, 566 

sewers, distance and, 560, 575 
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tanning materials and, great 
depth and, 1003 
tracing fluorescein and, 16 
nei typhoid epidemics and, 7, 16, 18 
pumping; air-lift, yeast infection 
and, 1218 
deep well turbines, 560 
drawdown, true significance of, 
734 
leather washers; colon-aerogenes 
1107 
remedying, 1114 
pseudomonas and, 1110 
zone of influence, 734 
salting of, 248 
in sand and gravel, development, 
737 = 
spacing, interference and, 567 
sterilization, chlorine and, 578 
yield; formula, 735 
sand size and, 65 i 
screens and, 737 
West Palm Beach, Fla.; pipe, cement- 
lined, 616 
West Vi irginia; municipally owned 
utilities, Public Service Com- 
mission and, 1691 
Western Sorings, Ill.; softening plant 
and costs, 546 
Weston, Mass.; bitumastic-lined cast 
iron pipe, friction coefficient, 244 
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supplies, laboratory control, 1280 


Windsor, Ont.; filter plant operati 
data, 1101 
intake, frazil ice and, 1102 
taste, prechlorination-ammonia 

treatment and, 1102 

Winery; water quality and, 1219 

Winnipeg, Man.; typhoid. outbreak, 
cross connection and, 426 

Winona Lake, Ind.; : typhoid epidemic, 
cross connection ‘and, 426 

Winston-Salem, N. C; billing and 
collection practice, 822 

Wisconsin; cross connections and, 443 
fire protection charge, Railroad 

Commission and, 75, 482 
free water, law and, 1697 
utilities, municipal, funds diver. 
sion, Public Service Commission 
and, 1710 


water bill as lien, 197 


a water works; municipally owned; 
p Public Service Commission and, 
1696 
taxation and, 1697 

ownership data, 1696, 1701 
security issues, Public Service 

Commission and, 1698 
Worms; see Chironomus; Reservoir 


Yeast; in well supply pumped by air- 
lift, 1218 


Zeolite; see Softening 
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Apulian Aqueduct; earthquake and, 

160 
Aquarium, sea water; acid-base equi- 

ibrium adjustment, 754 

aeration and, 754 
Aqueduct; chlorination, 1311 

earthquake and, 160 

growths, chlorination and, 903, 1450 

patrol of, 1450 

sewer crossings and, 903 

see Main; Pipe: Tunnel 
Ariel Dam; see Island Power and 

Light Co. 

Arizona; dam code, 1616 
water resources and rights, 296 | 
Arsenic; determination; 1464 
in filter mud, 1464 

in water, 1465 

water sterilization and, 1819 
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Ashland, Pa.; waste survey, 159 
Aspergillus niger; growth and acid 
production under water, 304 
Asterionella; copper sulfate and, 1183 
taste and odor and; 1183 
activated carbon and, 1464 
Aswan Dam; raising of, 1620 
Aussig, Czechoslovakia; purification 
plant, new, 1448 
superchlorination and dechlorina- 
tion with activated carbon, 1448 
Australia; rainfall, 751 
water supplies, data, 751 


Bacillus, Gaertner; in water, 890 
Bacteria; bacteriophage and, 304 
count; arithmetric vs. geometric 
mean, 900 
gelatin and, 1827 
limit and, 890, 1826, 1827 
variations, 1802 
growth rate, 900 
_H-ion concentration and, 900, 1472 
destruction by, 1181 
pigment producing, in butter-wash- 
waters, 1447 
significance, 304, 753 
sunli ht and, 304 
Bacteriological examination; 
Bacteriophage; chlorination; 
Ozone treatment; Sterilization; 
Storage; ete. 
Bacteria, anaerobic; fecal, in water, 


G 


see Bacteria, lactose fermenting 
Bacteria, colon group; pH and, 1812 
see Bacteria, lactose fermenting; 
Bacterium aerogenes; Bacterium 
coli 
Bacteria, colon group, differentia- 
tion; 304 
advisability, in 
1619 
blue agar and, 1314 
¢itrate medium, modification, 1174 
a@-methyl-d-glucoside and, 1178 
methylene blue reduction and, 900 
serological, 1458 
tests; correlation, 1317, 1619 
and, cor test; methyl red 


water analysis, 


test and, correlation, 1315 
modification and improved rea- 
gent, 900 
Bacteria, iron depositing; pipe tuber- 

culation and, 1466, 1806 
see Cladothrix; Crenothrix; Gal- 
lionella; Leptothrix; Spirophylla 
Bacteria, lactose fermenting; an- 


aerobic; in soil, 1180 
in water, significance, 1180 


Wis 
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limit and, Cuba, 895 
see Bacteria, colon group; Bap. 
terlum aerogenes; Bacterium ¢ojj 
Bacteria, sulfur; see Books 
Bacteriological examination; 304 1827 
dilution water, selection, 900, ‘147 
1819 
reporting, 1034 
sampling; 1827 
apparatus, 1812 
see Bacteria, colon group; Bag. 
terium coli; Bacterium typho- 
sum; Streptococci 
Bacteriophage; bacteria and, 304 
in water; 1317, 1825 
filtration and, 300 
quality and, 300 
settlement, with and _ without 
alum, and, 300 
Bacterium aerogenes; B. coli ratio; 
significance, 1174 
storage and, 1174 
chlorine preparations, various, and, 


in feces, 1174 
longevity in decayed stumps, 151 
significance; 152, 1174 
in well waters, 900 
in soil; 1174 
storage in for long period, 1178 
see Bacteria, colon group 
Bacterium coli; animals and, type 
and, 1459 
-B. Aerogenes ratio; significance, 
1174 


storage and, 1174 
birds and, 1459 
cerium preparations and, 1469 
chlorine preparations, various, and, 
content in excess of yearly average, 
frequency, 1802 
copper and, 753, 764 
indol producing power, loss of, 
significance, 141 
limit and; drinking water and, 890, 
1826, 1827 
filter influent and, 1802 
raw water and, 894 
longevity in decayed stumps, 151 
metal circuits and, 1175 
metallic radiations and, 1456 
ozone and, 1175 
salamanders and, 310, 1309, 1310 
significance, 753, 1299 
silver and, 142, 764, 1313 
sodium peroxide and, 761 
soil and; methyl red-positive organ- 
isms in, significance, 1315 
storage in for long period, 1178 
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ithout 


ratio; 


and, 


151 


178 


source, serological classification, 

p-toluenesulfonchloramide 
1449 

ultra-violet rays and, 1296 

in well water, sanitary survey and, 
correlation, 900 

see Bacteria, colon group; Bacteria, 
lactose fermenting; Purification; 
Sterilization; etc. 

Bacterium coli test; 304, 1299 
concentration by filtration and, 889 
confirmation, Endo agar and, 1827 
cupriferous agar and, 1181 
Eijkman, 458, 1827 
lactose +, indol + index and, 1314 
nitro-anthraquinone test, 158° 
number, most probable, 1828 
phenol broth and, 143, 1465 
plating, direct; brom- thymol-blue- 

agar, 1314 

Congo red medium, 1035 

eosin-methylene- blue-agar 
taining phenol, 143 

Gottinger evaporation method, 


and, 


con- 


1827 
lactose-fuchsin-gelatin, 1827 
presumptive; brilliant green bile 
and; 1615 


‘parallel planting in lactose 
broth and, 1615 
erystal violet broth and, 899 
lactose-petone-azolitmin broth, 
1827 
methylene-blue-erythrosine- 
brom-cresol-purple broth, 1615 
neutral-red-mannite broth, 1827 
standard method, severity and, 
1619 
see Bacteria, colon group; Bacterio- 
logical examination 
Bacterium fluorescens; butter-wash- 
ing waters and, 1447 
pH and, 1812 


Bacterium paratyphosum; copper 


and 
sodium peroxide and, 761 
Bacterium punctatum; pH and, 1812 


—— pyocyaneus; copper and, 
53 


significance in water, 1823 
sunlight and, 1823 

Bacterium subtilis; chlorine prepara- 
tions, various and, 1030 


Bacterium typhosum; detection in 


water; concentrating by filtration 
and, 890 

Congo red medium and, 1035 
gulls and, 1311 
metal cire uits and, 1175 
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silver and, 1313 
sodium peroxide and, 761 —| 
in water, storage and, temperature 
and, 1312 
Bacterium violaceum; 
washing waters, 1447 
Bacterium w elchii; in soil, 1180 
in water, significance, i180 
Bad Hall, Austria; iodine springs, 
1033 
eb Eng.; new water supply, 
Baltimore, Md.; copper sulfate treat- 
ment, 160 
pipe, concrete, unit prices, 448 7 
Prettyboy Dam; 302, 459 
construction and cost, 1457 
water works and extensions, 302 
Baltimore and Ohio Railroad; feed 
water conditioning, savings and, 


Ban de Champagney Dam; leakage, 
grouting and, 156 

Barium; see Radium 

Barium ‘aluminate; commercial, com- 
position, 1299 
manufacture, 1035 agin: 
see Softening 

Barium treatment; 454 hae 

Bathing beach; ‘chlorine-ammonia 
treatment, boat and, 459 
see Swimming ool 

Eng.; Brownhill reservoir, 
1174 


in butter- 


Bavaria; water supply data, 908 
Bay City Mich.; water purification, 
1620 
Bel-Air, France; “‘aerial condenser”’ 
and, 1312 te 
Belfast, Ireland; pumping 
developm ents, 1620 
Silent Valley reservoir, 293 
Bellaire, O.; chlorination taste, ex- 
cess lime substitution and, 298 
Benzidine; see Chlorine, free, deter- 
mination; Sulfate determination _ 
Berlin, Ger.; ; phenol destroying bac- 
teria and, 1181 
Beverages, ‘carbonated ; water super- 
vision, state, 307 
Beverly Hills, Cal.; coagulation with © 
ferric chloride, 767 
reservoir, covering, 766 
Billing; delinquents and; 1172 P 
service discontinuance, typhoid _ 
and, 1807 
Birds; B. ‘coli and, type and, aves 
water contamination an 890, 
see Gull 


; Bac. 
UM ¢olj 
04, 1827 a 
), 1472, 
Bac. 
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ance, 
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Blacksville, 
1183 
Bleaching; water treatment for, 1446 
Bleaching clay; see Clay 
Bloemfontein; incrustation, 
scraping and recoating, 1466 
Bluefield, Va.; metering, 602 
Boiler; failures, 898 
superheater; failure; corrosion and, 
594 
steam attack and, 591 
tubes, Alumetizing, 594 
welding, fusion, specifications, 595 
Boiler corrosion; 1295 
carbon dioxide and; 1470 
liberation from sodium carbon- 
ate and, 1454 
embrittlement ; phosphate and; 1304 
and sodium sulfate, 1304, 1471 
prevention, 758 
sodium hydroxide, carbonate de- 
composition and, 1454 
H-ion concentration and, 1470 
oxygen and; 312, 1470 
content, permissible, 312 
pitting, electrolytic, 312 
prevention; circulation and, 312 
degasification and, 596 
lime and, 596 
 lime-soda-zeolite-sulfuric 
and, 1034 
oxygen removal and, 313 
soda and, 312, 1295, 1463, 1470 
sodium hydroxide and, 1295, 1304 
sludge and, 1454 
steam and, 1470 
see Boiler feed water treatment; 
Corrosion; Corrosiveness; Hot 
water system 
Boiler feed water; analyses; graphical 
representation, 1179 
results, expression of, 1808 
mine water and, 1813 J 
phosphate determination, 1471 
quality, determining electrically, 
14 


W. Va.; water supply, 


acid 


return water and; 1295 Se <i 
oil removal and, 1303 
oxygen and; 1300 
sampling for, 1300 rou. 


sea ice and, 1312 
sea water, treatment for, 142 i 
specifications, 898 
see Railroad 

Boiler feed water treatment; 463, 898, 
1031 
alum and, 1470 
carbonate-sulfate ratio and, 1470 
deaeration and, 1037, 1454 - 
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degasification, heating and, vac. 
uum and, 1295 Robt 


history, 1469 
lime-soda, 1300 
oil removal, 312 ine 
phosphate and; 1452 ie 
pre-treatment with lime and 


blow-down return and, 1303 
small plants and, 1463 
softening and, 898 
turbine blade deposits, sodium al- 
uminate and, 1034 
zeolite and, 1454 
see Boiler corrosion; Boiler prim- 
ing; Boiler scale; Railroad; Soft- 


ening 
Boiler foaming; 1038 
boiler design and, 1619 
organic matter and pH and, 1295 
predicting, ultramicroscope and, 
1470 
salt concentration and suspended 
matter and, 1470 
see Boiler priming; Railroad 
Boiler furnace; flue gas, carbon di- 
oxide recorder and, 1452 
gas-fired, 458 
powdered fuel and, 1031 
stoker, automatic, coal saving and, 


Boiler priming; 1038 

boiler design and, 1619 a 
castor oil and, 1619 anew! 


salt concentration and, 1619 
see Boiler foaming 
Boiler scale; 1470 
constituents, cementing, and, 1173 
heat loss and, 898 
ws ; peptized tang extract and, 
8 


phosphate and, 454, 1470 
silicate, following softening, 1034 


theory, 1470 q OF 
tube failures and, 1038 wath. 
Boiler scale prevention; 758 oe 


ammonia and, 1469 
_ barium chloride and, 1469 
ealcium sulfate, carbonate-sulfate 
ratio and, 1470 
Categulith and, 761 ia 
hydrochloric acid and, 1469 
_lime-soda and; 1304 
hot, chlorination and, 902 
peptized tang extract and, 1821 
phosphate and, 454, 1034, 1173, 1470 
wna magnesium hydroxide and, 
1173 
ze ash and, 900, 1463, 1469 


soda, caustic, and, 1034 
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sugars and, 761 
sulfite and soda waste liquors and, 
761 
tanning extracts and, 761 
see Boiler feed water treatment 
Boiler water; alkalinity determina- 
tion, 754, 755 
analysis, 758 
blow-down, volume, 1463 Hed 
calcium salts, behaviour, 900 
conditioning, 142 ; 
control, mixed indicator and, 303 
H-ion concentration, limit, 1295 
organic matter, limit, 1295 
oxygen and, 1295 
phosphate determination, 1814 
recovery, condenser and, 1038 
sampling device, 754 
sulfate determination, 
eter for, 1446 
Books, new; American Institute of 
Chemical Engineers, Transactions, 
1931, 1044 
Handbook of Mathematical Tables 
and Formulas, 1319 
Hygienic Principles of Drinking 
Water Supply, 1826 
Peptones, 1319 
oll and Its Practical Applications, 
906 
Public Utility Regulation, 907 
Sulfur Bacteria, 313 
The Chemical Examination of 
Water and Sewage, 161 
Vom Wasser, 311 
Water Analysis for Sanitary and 
Technical Purposes, 313 
Boron; determination, 595 
Boston, Mass.; Metropolitan District; 
consumption, 1315 
organization, 1315 
taste and odor, microérganisms 
and, 1183, 1301 
Ware and Swift River diversion 
case, 1176 
water cost, 1315 
water supply history, 1315 
Bournemouth, Eng.; new swimming 
pool, 1451 
water ey and purification, 1035 
r 


turbidim- 


Brandywine Creek; pollution survey, 
159 

Brantford, Ont.; pumping equip- 
ment, 602 


Brass; corrosion by water, 753 
see Pipe, brass 
Brewing, water for; alkalinity and, 


neutralization, 1028 
quality requirements, 1469 = 
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treatment, 1032 

Brilliant green; see Bacterium coli 
test 

— sand filtration, salt retention, 
5 

Australia; water supply, 

Bristol, Eng.; swimming pool, 1451 

British Columbia Electric Railway 
Co.; Bridge River tunnel, electrical 
exploration, 157 

Brookline, Mass.; metering, 1316 
water supply and purification, 1316 

Brown coal distillation waste; phenol 
determination and extraction, 597 

Bucyrus, O.; sewage, Sandusky River 
and, 1310 

Buffalo. N. Y.; Lake Erie and Niag- 
ara River pollution aad, 1821 

— Pa. ; typhoid outbreak in 1903, 


Butter-washing water; pigment-pro- 
ducing bacteria and, 1447 


Calcium bicarbonate; solutions, pH 
and, 763 
Calicum carbonate; deposition; 1455 
pH and, 763, 1033, 1040 


as protective coating; 602, 1029, 
1453 


lime and, 1040 


soda ashand, 1040 
in streams, 592 Noe 
solubility; 1454, 1470 


at high temperatures, 755 
solutions, pH and, 1033 
see Concrete; Corrosiveness; Mar- 
ble; Pipe coating 
as oxalate; 
14 
volumetric; 456, 1445 
in sea water, 1622 
Calcium phosphate; deposition in 
water, 1031 
Calcium sulfate; sodium carbonate, 
reaction and, 1471 
solubility; 1470 
at high temperatures, 755 
see Boiler al 
Calgary, Alta; Glenmore Dam, 888 
Cali, Colombia; new purification 
plant, 456 
California; softening and, 156 
typhoid rate, 1309 
water resources and rights, 294 
Cambridge, Mass.; filter operation, 
1176 
Canada; common carriers, control of 
water and ice supplies on, 1179 
vessels, typhoid reduction and, 1179 


3 
i 
j 
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and 
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134 
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western, drought and soil drifting, 
749 


Canal; construction, 750 
Cancer; water, mineral content and, 
41 


Cape Town, S. A.; water supply and 
purification, 1312 
Carbon; content, as pollution indi- 
cator, 157 
determination, 157 
see Oxygen consumed; Oxygen de- 
mand 
Carbon, activated; adsorption ca- 
pacity; determination, 144, 1804 
size and, 1464 
application; dry feed, 159, 1456, 
1612 
to lake, 1804 
evaluation, 1300, 1314,1456, 1802 
filtration through; 1180, 1297, 1612 
vs. addition of powdered, 1620 
iron in effluent, non-conducting 
lining and, 1314 
_ layer in sand filter, 768, 1464 
‘molded (pellet-form), 1464 
units; 892 
upward flow, 768 
grades, comparison, 452 Hg 
history, 1819 
iodine adsorption and, 749 
preparation, 1180, 1819 
revivification, 768, 892 
specifications, 1804 
testing, reference laboratory and, 
need of, 1805 { ja 
treatment; 1299, 1318, 1464 
cost, 159 
dosage; 159, 752 “sid 
required, determination, 752 
wash water return and, 452 
uses, 1819 
see Chlorination; Chlorination, 
taste and odor; Coagulation; 
Coagulation basin; Color re- 
moval; Dechlorination; Filtra- 
tion, rapid sand; Filtration, slow 
sand; Gas and coke works; Odor; 
Organic matter; Phenol wastes; 
Sedimentation basin; Taste and 
odor 
Carbon dioxide; absorption coeffi- 
cient, 312 
aggressive, 760 
see Copper; Corrosiveness; Lead; 
Pipe 
Carbon dioxide determination; in 
sea water, free and bound, 754, 755 
see Alkalinity 
Carbon dioxide removal; aeration 
a 149, 452, 751, 1040, 1177, 1803, 
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Aer-O-Mix and, 600 
and lime addition, 151, 754 
marble, filtration through, 75} 
893, 1468 ‘ 
peptized tang extract and, 1821 
silicate, filtration through, 
Carbonate determination; see Al. 
kalinity; Carbon dioxide 
Carbonation; 152, 293, 452, 1804, 1817 
natural gas and, 601 Cibmes 
vs. sand incrustation, 294 
stack gas and, 600 Ande 
Categulith; see Boiler scale — 
Cattaraugus County, N. Y.; cross 
connections, elimination, 1310 
Health Dept. 7th annual report, 
1310 
water supplies; B. coli, salamanders 
and, 1309 1310 
data, 1310 
ar drinking water, salinity and, 
2 
Celluloid; nitrocellulose manufac- 
ture, water for, 1813 
Cement; examination, pH of suspen- 
sions and, 590 
see Concrete 
Cemetery; water supply and, 901 
Cerium; water sterilization and, 1469 
Champaign and Urbana Water Co.; 
water purification, 293 
— open, translatory waves in, 
1616 
Mexico; chlorination, 
5 


Charcoal; see Carbon, activated; De- 
chlorination; Hydrogen sulfide; 
Phenol; Trichlorophenol 

Charleston, W. Va.; drought, taste 
troubles and, 297 

Chelsea, Eng.; filtration, early, 1176 

Chemical; pneumatic transport, 1030 

Chemical feed; 600, 1807 
devices, home-made, for laboratory 

and plant, 1828 
Venturi tube control, 150 
see Carbon, activated 

Chester, Pa.; Delaware River pollu- 
tion and, 1307 
taste and odor, bleaching clay and, 


1611 
Chicago, IIL; filtration, experimental 
plant, results, 1299 
meter survey, 1818 
metropolitan area, water and sew- 
age problem, 1616 
water supply, 1620 
Chicago Sanitary District; 22nd St. 


sewer tunnel fire, 448 ae 


China; water supplies, 1805 
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mus; chlorine and; 1317  —_ super-, 1169, 1170, 1448, 1449, 1453 
— an , 1318 an suspended matter and, 893 
copper sulfate and, 1317 theory, 902 
Chloramine ; Heyden, composition, see Bathing beach; Boiler scale; 
1814 Chironomus; Coagulation; Color 
see Chlorination; Microscopic or- removal; Copper sulfate; De- 
ganisms ; Swimming pool; Taste chlorination; Filtration, rapid 
Chloramine-T; germicida efficiency, sand; Microscopic organisms; 


030 
see Chlorination 
Chloride; content, high, instance of, 
311 
significance, 1042 
Chlorination; 1027, 1806, 1807, 1826 
accidents (leakage, ete. ), precau- 
tions and, 1609 
agitation and 
alkalinity and, 90 
ammonia and; 203, 905, 1177, 1319 
advantages, 1829 
aftergrowths and, 1318, 1816 _ 
cost and, 1318, 1455 
dead- end complaints and, 1829 
dosage, 902, 1302, 1455 
efficiency and; 463, 893 
salt concentration and, 1318 
residual and, 1318 


sterilization; prolonged effect 
and, 902, 1455, 1829 
rate, 1455 basal 


apparatus; 892 
absorption tower and, 891 
automatic, 1027 
for chlorine-silver or 
treatment, 892 
Bunau-Varilla process, 1464, 1620 
chloramine, Heyden, and, 1814 
copper and, 892 
corrosiveness and, 1303 
cost, 757, 1466 
developments, 901 
dosage; 293, 462, 463, 891, 
1302, 1450, 1453, 1467 
chlorine demand and, 1464 
control, automatic, 455 
double, 903, 1802, 1829 whet. 
early use, 902 
extent employed, 307 
_H-ion concentration and, 759, 1303 
hypochlorite; vs. chlorine, 887 
sodium, 756, 1027 
Orient and, 1805 


-copper 


903, 


pre-; 152, 5283, 297, 456, 895, 1035, 
fi 1467, 1 
application 


prior to, 159 
early use of, 902 


residual; 903, 1177, 1450 
a control, 0- tolidin test and, 1806 


ilver and, 892 


of stream, 463, 1450 


Odor; Sewage; 


wimming pool; 
Taste and odor 


Chlorination, taste and odor; am- 
monia and; 294, 461, 463, 1035, 
1318, 1468 


dosage and, 462, 1467 
carbon, activated and; filtration, 
463, 1035 
owdered, addition and, 463 
chlorinous; ammonia and, 1455 
carbon addition and, 1455 
creosoted pipe and; carbon, acti- 
vated, and, 300 
super- and dechlorination and, 
300 
lime, excess, substitution and, 298 
permanganate and, 463 
and; 1469 
alkalization and, 301, 454 
ammonia and, 298, 301, 308, 1455, 
1469 


carbon, activated, addition and; 
1455 
dosage and, 1828 
ozone treatment and, 463 
road washings and, 1828 
smoke-laden air and, 1469 
super- and dechlorination and, 
301, 1469 
salicylic compounds and, 758 
super- and dechlorination and, 463, 
1035 
trees, willow snd poplar and, 759 
see Taste and odor 
Chlorine; gas masks and, 1609 
manufacture, properties, and trans- 
portation, 1609 
preparations, germicidal efficiency 
of various, 1030 


Chlorine absorption; chlorine and 


hypochlorite, comparison, 887 

chlorine preparations, various, and, 

determination, boiling and, 1182 
Chlorine, free, determination; benzi- 

dine and, 752 

methods, 1446 Te 

m-phenylenediamine and, all 


potentiometric, 455 ¥ 


o-tolidin and; 752, 1446, 1806 
ammonia and, 1040, 1455 
apparatus, automatic, 1298 

interfering substances and, 1040 
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manganese and, 1817 
nitrite and; 143 
distinguishing from, 752 

iodide—starch, apparatus, 


orox; phenol coefficient, 1180 


water sterilization and, 1180 
Cholera; Java and, water purification 
and, 1170 
see Vibrio 
Cladothrix; pH and, 1806 
see Bacteria, iron 
Clarifier; 1307 
see Coagulation basin; Softening 
Clarksville, Tenn.; purification plant 
improvements, 894 
Clay, 


bleaching; see Coagulation; 
olor; Dechlorination; Odor; 
henol; Sulfuric acid; Taste and 


odor 


Elum Dam; construction, 154 


Clinton, Okla.; purification plant and 
dam, 153 

Coagulation; 1027, 1806, 1807 
agitation and, 149, 1609, 1611 


um and; 905, 1027, 1035, 1169, 

1170, 1172, 1177, 1295, 1297, 1465 

algae and, 1171 

vs. aluminum chloride, prechlori- 
nation and, 1298 

bacteriophage and, 300 

chlorination and, 756 

clay, bleaching, addition and, 
1612, 1802 

cost, 1466, 1468 

dosage; 462, 891, 1171, 1177, 1297, 
1467 


activated carbon and, 1828 
pH adjustment and, 1309 
required, determination, 
pH—alum curve and, 904 
H-ion concentration and; 904, 
1177 
adjustment 
acid, 1309 
carbon, activated, and, 1828 
sulfate and chloride ions and, 
1619 
and lime; 767, 886, 1170 
sand incrustation and, 767 
red water and, 1803 
residual alumina and; detection, 
alizarine and, 1313 
pH and, 886 
ultramicroscopic 
tion and, 1470 
sludge deodorization, activated 
carbon and, 1828 
and sodium aluminate, 905 


with sulfuric 


examina- 
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bacterial efficiency; do 
y Sage and, 
vs. single-stage and 1902 
sedimentation, prolonged.’ 
1802 p ged, and, 
carbon, activated, addition and, 
159 


chlorinated copperas and 
1803 
chlorination and, 902 


dosage required, determination, jar 


tests and, 1169, 1619 
ferric chloride and; 767, 1803 

vs. alum, 1463 

dosage, 1463 
H-ion concentration and, 890 
iron and lime and, 1803 


settled water, ultramicroscopic ex. 


amination and, 1470 

sludge return and, 149 

sodium aluminate and, 765, 1177 

see Color removal; Iron removal 
Manganese removal; Taste 
odor 

Coagulation basin; 1807 

clarifier and, 1463, 1816 

copper sulfate treatment of, 1816 

entrance, design, 1450 

new, 1622 


retention period, 756, 765, 891, 1464, 


1465, 1816, 1817 
short-circuiting, elimination, 600 


sludge; removal, mechanical, 452 


1450, 1612 
rise of to surface, 1177 


stabilizing, activated carbon and, 


452, 1171, 1455 
steel, construction, 1818 
turbidity of effluent and, 1450 
see Sedimentation basin 


Coal; washery water; clarification, 
131 


treatment, 597 
see Brown coal 
Coating; corrosion resisting; 1296 
value, determining, 1030 
metallic, 593, 760 
see Paint; Pipe coating; Tank 


Cofferdam; timber crib, construction, 


451 
Coke plant; see Gas and coke works 


Cologne, Ger.; swimming pool, algae 


control, 1610 


Colombo, Ceylon; water supply and 


rainfall, 1171 
Color; algae and, 1610 


determination and preparation of 


standards, 1169 
Color removal; 1031, 1824 
alum and; 141, 899,904 
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‘ion, 


pH and, 1169 if 
and sodium aluminate, 1177 

alumino-ferric, corrosiveness and, 
1312 

bleaching clay and, dosage, 1802 

carbon, activated, and; 752, 1819 
filtration, 768, 892 

ferric chloride and; 767, 1169, 1463 
sludge return and, 1169 

ferric sulfate and, 751 

lime and, 1463 

prechlorination and, 1828 

Colorado; water resources and rights, 


Colorimeter; Duboseq, accuracy, 
1300 
for water analysis, 1470 
Columbia River; color, 1824 
Columbus, O.; drought of 1930, con- 
sumption and, 298 
Complaints; handling, 601, 1172 
Concrete; calcium carbonate incrus- 
tations under water, 1032 
coatings, protective, 1813 
curing temperature, strength and, 
146 
deterioration in water, pH and, 590 
permeability; bibliography, 1813 
determination, 590, 1029 
pre-mixed, strength, length of haul 
and, 447 
reinforced, for water-retaining 
structures, 889 
surface hardening, 1813 
waterproofing, 1297 
see Dam; Pipe, concrete; Reservoir; 
Tunnel 
Condenser; corrosion, electrolytic, 
596 


Condesa, Mexico; chlorination, 757 
Conductivity; dissolved solids and, 


see Solids 
Conferva; in swimming pool, control, 
1610 
Connecticut; carbonated beverage 
waters, quality and supervision, 
307 
cross-connections, prohibition, 308 


stream pollution, 1044 


swimming pools and, 1451 

Ware and Swift Rivers, diversion 
case, 1176 

Consumption; Boston Metropolitan 

District, 1315 

Cuba, 895 

Erie, Pa., 461, 462, 1467 

fires and, 1316 


future, estimating, 1618 = 
Germany, 1298, 1452, 1825 tas 


fal 
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Hartford, Conn., 896, 1178 
London, Eng., 463 
Marshall, Mo., 1456 ee 
maximum and average ratios; 449 
drought and, 296. 298 a 
metering and, 1613 
Nashville, Tenn., 904 
peak, sprinkling and, 1613 
population and, 896 of het 


and, 1613 
t. Louis, Mo., 1806 
San Diego, 767 


Staunton, Va., 1829 | 
Topeka, Kans, 1467 | 
waste survey and, 159 Sac. 
Conway, S. C.; tooth enamel, mot- | 
tled, 1820 
Cook County Forest Preserve Dis- 
trict, Ill.; bathing beaches, 
chlorine-ammonia treatment, 459 
Cooling water; lime-zeolite treat- 
ment, 1804 
Copenhagen; water supply, 757 ints 
Copper; corrosion; carbon dioxide 
and, 1029 
oxygen and, 1029 
protective film formation and, 
1029 
resistance to, 1453 
determination, 1173 
water, bactericidal property ac- 
quired and, 752 
in water, health and, 1029 
water sterilization and, 764, 1041, — 
1178, 1819 
see Chlorination; Microscopic or- 
ganisms; Oligodynamic; Pipe, 
copper; Services 
Copper sulfate treatment; 903, 1450, > 


1469 
algae and, 160, 297, 308, 1302 
Asterionella and, 1183 
Chironomus and, 1317 
chlorine and, 760 
of coagulation basin, 1816 = 
Dinobryon and, 1183 
fish and, 160 
precipitation, as basic carbonate, 
1610 


Synura and, 1177, 1183 

taste and turbidity following, ac- 
tivated carbon and, 1804 

Uroglena and, 1183 


see Swimming pool bone dai 
Corrosion; 594, 1806 meh 


drop experiments, 593 

measurement, 899,1296 

prevention; 602 
coatings and, 1206 
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1884 


rate, determination, 

1803 

rust removal, methods, 594 

tests; data, evaluating, 1030 
pitting tendency, comparing, 

1030 

theory; 1448, 1452 
colloid, 899 
local-current, 594 

see Boiler; Brass; Coating; Copper; 
Paint; Pipe coating; Pipe cor- 
rosion ; Zinc; etc. 

Corrosiveness; 141, 1820 

aération and, 1453, 1455 

carbon dioxide and, 602, 1452, 1453 

chlorination and dechlorination 
and, 1303 

coagulation, 
1312 

correction, 152 

deaération and lime and, 891 

H-ion concentration and, 1040, 1829 

lime and, 1177, 1453, 1455, 1803, 
1816, 1829 

magnesite filter and, 1035 

marble test, 1040 


apparatus, 


alumino-ferric and, 


measure of, 760 
oxygen and; 1452, 1453 4; 
deaération and; 751 pinay 


sodium sulfite and, 752 
red water and; 1171 
calcium carbonate equilibrium 
adjustment and, 1816 
earbon dioxide and, 310, 1621 


coagulation, alum vs. iron and 
and, 1803 
lime and, 1177 
mains, coating of, and, 1040 


soda ash and, 1177 
soda ash and sodium silicate treat- 
ment and, 150 
see Corrosion; Iron corrosion; 
waste; Pipe corrosion; Soil 
Cotton; bleached, spotting of, water 
filtration and, 1809 
Coventry, Eng.; Menden reservoir, 
construction and cost, 1458 


Mine 


Crenothrix; 293, 1801 qisxtd 
pH and, 1806 oat 
odor and, 1816 
see Bacteria, iron 

Cresol; destruction by activated 


sludge treatment, 1808 

fish and, 1809 
Cresol determination; methods; 

liography, 1029 

study of, 1029 

volumetric, bromate, 1447 
Cross connections; check valves, un- 
reliability, instance of, 308 


bib- 


INDEX TO A 


elimination, 1310, 1822 
examples, 1822 ve Bp 
regulations, state, 308, 1614 
Crystal violet; see Bacterium coli 
test 
Cumberland, Md.; rer taste 
and, carbon and, 1 
copper sulfate 160 
waste survey, 159 


Dam; buttress; vs. gravity, 153 
purification and power plants, 
housing in, 153 
code for, in Arizona, 1616 
concrete; 458 
arch, construction, 146 
construction; 159 
equipment, 154 
design problems, 146 
gravity; 766, 888 
cellular, 451 
construction and cost, 1616 
precast blocks and, 146 
and rubble masonry, 
tion, 889 
on sand foundation, 1616 
temperature stresses and crack- 
ing, 146 
uplift and, 146 
construction, 459, 1457 
deflection measurement, 153 
design, models and, 1458 
earth; 458, 1034, 1174. 


construc- 


construction, 154 
corewall, cellular, 147 
cutoff wall, sloping, and, M7 


rip-rap ed, 1169 

on san foundation, 
evolution of, 1316 
foundation, leakage, ‘‘silicazation”’ 

and grouting and, 156 (ay. 
gravity, uplift and, 155 
masonry; construction, 147 oh 

leakage, grouting and, 156 

uplift and, 155 i 
reconstruction, 903 


1616 


rock; 767 


corewall, cellular, 147 
_ sites, electrical exploration, 157 
types, relative economy of, study- 


ing, 1304 
Deaération; see Boiler feed water 
treatment; Corrosiveness; Oxygen 
removal 


Decatur, Ill.; Sanitary District, bio- 
chemical oxygen demand determina- 
tion, 1822 
water purification, 293 i 

Dechlorination; 


bisulfite and, 1170 =a 


es 
: 
| 
> 


bleaching clay and, 1802 
carbon, activated; 762, 1453, 1469 
filtration; 143, 1449, 1612 
coli regeneration and, 1449 
powdered, addition, and, 
taste charcoal and, 899 at 
corrosiveness and, 1303 
ips pH and, 1303 3 
alter dioxide and, 1035, 1453, “1469 
9 thiosulfate and, 1469 
he see Chlorination, taste and odor 
ants Degasification; see Boiler corrosion 
| Delaware; pollution control, 159 
m4 Delaware, O.; taste, permanganate 
and, 298 
Rg Delaware County; water supplies, 
rot pollution and, 1307 
ays Delaware River; New York diversion 
controversy, 1175 
Lith pollution, industrial wastes and, bes 
1307 
16 Delmenhorst, Ger.; water treatment, 
751 
uc- Demopolis, Ala.; tank, new, 1815 
water supply improvements, 1815 
Des Moines, Ia.; infiltration basins, 
ck- 


894 
typhoid outbreak, 1172 
Dessau, Ger.; new purification plant, 
151 
Detroit, Mich.; Springwells project, 
low-lift station, construction, 449 
Diatoms; physical and chemical con- 
ditions and, correlation, 1811 
see Microscopic organisms 
Diesel; see Engine 
Dinobryon; copper sulfate and, 1183 
taste and odor and, 1183, 1302 
Disease; ice-borne, 1180 
shellfish from polluted water and, 
1460 
water-borne; 
1313 
liability and, 1459 
responsibility and, 1172 
sterilized polluted water and, 
296, 896 
see Cancer; Cholera; Dysentery; 
Enteritis; Health; Typhoid 
Disinfection; employee injury and 
court decision, 1459 
see Sterilization 
Distillation; 1469 
apparatus, electrical, 888 
Distilled water; toxicity, 900, 1472 
Distribution system; operation, ele- 
vated storage and, 301 
Dneiper River; flow, predicting, 1305 
Dresden, Ger.; radium baths, 1469 
Durban, "SAL; ; water purification, 891 


ground water and, 
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Disseldorf, Ger., water works; em- 
ployee, typhoid carrier and, 1609 
new, 756 

Dyeing; water treatment for, 1446 

Dysentery; ground water supplies 
and, 301 

Earthquake; see Aqueduct; Water 
sup y; Water works 

Ecclefechan, Scotland; typhoid epi- 
demic, 1303 

Eijkmann; see Bacterium coli test 

El Capitan Dam; see San Diego 

Electric motor; see Pump; Pumping 
station; Well pumping 

Electric power plant; and water 
works, combined operation, econ- 
omy and, 460 

Electrolysis; stray current; 596 

to return circuits and, 


earthing and, 594 
joints, copper-bonding and, 594 
protection and, 753 
water purification and, 157 
Electroésmosis, water ‘purification, 
and; 157, 463, 760, 1469, 1610, 1611, 
1622 
power consumption, 1610, 1611 
Engine, Diesel; efficiency, 1039 
fuels, selecting, 144 
water spaces, scale removal, acid 
and inhibitor, 305 
see Engine, internal combustion; 
Pump, centrifugal; Pumping 
station 
Engine, internal combustion; altitude 
nd, 1032 
see wae Diesel; Engine, oil; 
ail; prevalence, 293 
see Engine, internal combustion 
Engine, steam; altitude and, 1032 
England; pollution prevention, 759 
Enteritis; outbreak, spring infected 
by farm fertilizer and, 1310 
Eosin methylene blue agar; phenol 
addition, 143 
Erie, Pa.; water works, annual re- 
ports, 461, 462, 1467 
Erie Lake; pollution, Buffalo and, 
1821 
Esthonia; surface waters, bacterio- 
phage and, 1317 
Eugene, Ore.; ; new filter plant, 768 
Evanston, Iil.; new elevated tank, 
749 
—_— ; South West Africa and, 


see Rainfall; Reservoir 
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Everett, Wash.; chlorination, hypo- 
chlorite and, 887 
Sultan River supply, 887 
Extensions; see Financing; Main a 
Fairbury, Ill.; mottled tooth 
1820 
Fall River, Mass.; fire, water supply 
and, 1316 
Farmington, Conn.; water supply im- 
provements, 1803 
Fauna; marine, Scotland and, 303 
Feces; B. aerogenes and, 1174 
Filter; candle, impregnating with 
silver, 1175 
gauges and rate controllers, main- 
tenance, 1318 
manganese, zinc or silver hydroxide 
layer and, 893 
membrane, iron removal and, 455, 
1609 
Seitz, observations, on, 1180 
sterilization with chlorine, 753 
upward flow, cleansing of, 893 
Filter sand; cleaning, 1298 
specifications, 1298 
see Sand; Voids 
Filtration; 1027, 1171, 1172, 1295, 1609 
algae and, 463 
of brine, salt retention and, 151 
cloth and, gelatinous organisms, 
chlorination and, 1035 


extent employed, 307 bita 
history, 1176, 1316 bee. 
intermittent, 1176 aril 


plant; 904, 1818 tata 
laboratory control, 1827 
practice, 1806, 1807 shits 
Puech-Chabal system, 756 
resistance of a water to, determina- 
tion, 1814 
see Taste and odor 
Filtration, coal; loss of head, initial, 
factors, 1612 
wash rate, expansion and, 1612 
Filtration, double; 298, 751, 1467 
Filtration, pressure; plants, 895, 1035, 
1177 
wash, air-water, 1035 
Filtration, rapid sand; 152, 899, 1298 
bacteriophage and, ¢ 
Bacterium coli in applied water, 
limit, prechlorination and, 1802 
carbon, activated, addition, and, 
1611 


efficiency, pH and, 1802 i 
gravel; depth and, 765, 1466 

size and, 1466 a 
history, 894, 1176 


BL. 
microérganisms and, 


nitrification and, 311 
plants; 602, 891, 1170, 1306, 1308, 
1465, 1467, 1824 

automatic, 765 

cost, 765, 768, 1040, 1306, 1466, 

1801, 1816 

esign, experimental plan 
172) 


experimental, 1299 
extension, 1818 
new, 141, 151, 306, 456, 458, 599, 
765, 901, 1040, 1172, 1452, 1456) 
1613, 1622, 1801, 1816 
operation; chemical control, 1804 
cost, 456, 1177 
reconstruction, 1456 
practice, trends, 1613 
rate, 1307, 1 
roughing filters and, 1467 
runs; 1801 
carbon addition and, 1171, 1456, 
1828 
coagulation; alum vs. ferric chlo- 
ride and, 767 
af ferric an 1803 
microérganisms and, 1 
sand; alum floc et eos 1177 
carbon admixture, 1464 
clogging; 149 
manganese and, 149 


coatings; calcium carbonate; 
a alum and lime coagulation and, 
~ fi 767 


lime treatment and, 294 
removing, caustic soda and, 
14 


eracking, 1171 


depth, 765, 1169, 1466 
mud balls, 149, 1171 
size, 312, 1177, 1406, 1827 
turbidity o of applied water, 905 
underdrains, 1466 
units; glass observation panels and, 
1169 
reconstruction; 894, 1171 
and cost, 886 
sterilization, hypochlorite and, 
1805 
wash; 1169 
air and, 1172 a 
rate, 1307 
sand expansion and, 1827 4 
sand size and, 1177 
surface and, 293, 1169 
water; chlorinated and, 293 
clarification and use of sludge 
as fertilizer, 1172 
recovery, 1176 
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Filtration, slow sand; 152, 756, 757, 


bacteriophage and, 300 
charcoal layer, phenol removal and, 


1298 
history, 894, 1176 udajrw 
operation cost, 1178 


1454 

and operation, 1827 
pre-filtration and; 1620 

output and, 1172 
rate; 1178 

controller, 1803 
sand, carbon admixture and, 1464 
scraping, excessive, typhoid and, 

1172 


washers, mechanical, 1178 
Financing; 895, 1315, 1467 
extensions and improvements and, 


895 

improvements, from fire insurance 
savings, 1 

municipally owned works, profits, 
data, 460 


new works; 460 
Illinois law and, 457 790 
public utility securities, stabilizing 
fund and, 893 
sale of water, laws regulating, 1170 
works, purchase by municipality, 


see Main; Rates; 
Finland; goiter, iodine and, 763 
Fire hose standardization; progress; 
cost; insurance rates and, 905 
Fire hydrants; drains, 903 
inspection, 903 
Fire insurance rates; hose coupling 
standardization and, 905 
savings, financing water works im- 
provements from, 154 
bah supply improvements and, 


Fire protection, water and; consump- 
tion during fires, 1316 
supply; high pressure systems, im- 
ortance, 1316 
ational Bd. of Fire Under- 
writers and, 1316 
Fish; acidity and, 1471 
coal tar waste and, 1032 
culture, 1319 
mine waste (coal) and, 597 
requirement, 1451 
- pollution and, court decision and, 
1460 
Teservoirs, stocking with, purifica- 
tion and, 757 


Aquarium; Perch; Shrimp; 


‘Trout 
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Flint, Mich.; sewage chlorination, 


Flood; flow over railway embank- 
ment, 292 
typhoid and, 901, 1172 
see Levee; Mississippi River; Water 
works 
Flow; flood, over embankment, cal- 
culating, 292 
gradient, against, 154 
measurement, salt method, 889 
recorders, distant, and, 1031 
see Channel; Pipe flow; Stream; 
Water measurement 
Flue gas; see Boiler furnace 1} 
Flume; Venturi, 889 
Fluorine; detection, 1446 rs.) 
determination; colorimetric, 1446 
ferric thiocyanate and, 1042 
in sea water, 1622 
see Teeth 
Forest; see Watershed 
Forsythe, Mont.; new filter plant, 
65 
Fort Wayne, Ind.; new purification 
plant, 306 
Foundation; see Sand; Soil 
France; water, mineral content, 
cancer and, 1041 
Frankfurt, Ger.; well pumping, 1453 
Freezing point; see Solids, deter- 
mination 
Gallionella; pH and, 1806 ~~ 
see Bacteria, iron 
Gas and coke works; ammonia dis- 
tillation waste disposal, 1828 
coal tar waste; disposal, 1032 
fish and, 1032 
liquors, phenol; extraction; ben- 
zene and, 144, 590 
tricresyl phosphate and, 144 
recovery and cost, 1813 
removal; aération and, 590 
carbon adsorption beds and, 
591 
phenol; pollution, prevention, 1297 
recovery, 
waste treatment methods and bib- 
liography, 1813 
see Brown coal; Phenol; Tar 
Gases dissolved; determination, 
sampling apparatus, 1608 
removal, aération and, 1177 
Geneva Lake; sediments, 1029 
Gentian violet; bacteriostatic action, 
pH and, 595 
Geology; water supply and, 1830 
Geophysical exploration; electrical, 
1041 


and, 
599, 
456 
1804 
56, 
ilo- 
whe, 
803 
7 
te; 460) 
id, 
04 
d, 
vat 
d, 
= 


_ Georgia; stream gaging and, 1621 
water supplies, 1308 
Germany; consumption, 1298, 1452, 
1825 
water; rates, 1452 
supplies, 1452, 1825 
contamination of solutions by, 
Glencoe, IIl.; elevated storage, econ- 
omy and, 1611, 1617 
Glenmore Dam; see Calgary 
- Goiter; iodine and, 749, 756, 757, 763, 
1298, 1445, 1621, 1814 
water supply and, 757 
-Gowanda, N. Y.; enteritis outbreak, 
1310 
Grand Haven, Mich.; gravel wall 
wells, 1805 
Great Britain; reservoir construction, 
supervision, 293 
water works developments, 293 
Great Lakes; B. coli content data, 
Great Salt Lake; fresh water reservoir 
Fj project, 1178 
Greensand; see Softening 
Greenville, Tenn.; water works, 1818 
Greenwich, Conn.; filter operation, 
1177 
Groningen, Holland; slow sand filtra- 
tion, 757 
= ; see Geophysical exploration; 
0 


i 

Guaiacol; fish and, 1809 

_ Guildford; water supply and swim- 
ming pool, 1310 

— Gull; B. typhosum and, 1311 

Reservoir 
~ Gunite; see Pipe, steel 


‘Halle, Ger.; water supply and puri- 
fication, 1453 
- Hamburg, Ger.;lead and copper pipe, 
solvency and, 1465 
water supply, salt content and 
hardness, 311 
- Hamilton Coke and Iron Co.; am- 
monia liquor dephenolization, 1813 
Hamm. Ger.; new water works, 1452 
- Hampton Roads; pollution case, 1460 
— ; water supply and purification, 
56 
Hardness; industrial utility and, 1830 
laundry and, 1041 
reduction, savings and, 1612 
undesirability, 456 
_ see Paper manufacture; Soap; Soft- 


ening 
Hardness determination; Blacher 
method, 455 


soap method; 303 
carbon dioxide removal and, 34 
continuous, apparatus for, 455 
lime and magnesia in one opera. 
_ tion, 304 
Harrisburg, Pa. ; copper sulfate tregt. 
ment, 160 
Harrisburg Gas Co.; soil corrosion 
artfor onn.; consumption 
1178 
attersheim, Ger.; well pumpi 
1454 
Havre, Mont.; new wells, financing 
of, 450 
Health; aluminum and, 760 
copper and, 1029 
mineral content and, 452 
water supply and, 1826 
see Disease; Lead 
Hetch Hetchy; see San Francisco 
Hillsboro, O.; water works exhibit at 
fair, 601 
Hong Kong; new reservoir, 1620 
Hoover Dam; see United States 
Bureau of Reclamation 
Hot water system; corrosion; oxygen 
and, 1453, 1608 
vent and, 1453, 1608 
Hull, Eng.; pumping station develop. 
ments, 1620 
Hungary; goiter, iodine and, 1298, 
1445 
State Institute of Hygiene, samp- 
ling apparatus, 1819 
Huntington, W. Va.; taste, activated 
carbon and, 298 
Hyattsville, Md.; copper sulfate 
treatment, 160 
Hydrant; see Fire hydrant 
Hydrochloric acid; scale removal 
with, inhibitor and 305 
Hydrogen-ion concentration; adjust- 
ment; lime and, 1824 
soda ash and, 1040, 1309 
boiling, alteration on, significance, 
150 
chlorination and, 759, 1303 
control, automatic, 454 
dechlorination and, 1303 
significance, 150 
silicates and, 150 f 
see Bacteria; Boiler corrosion; 
Boiler water; Books; Calcium 
carbonate; Cement; Coagulation; 
Color removal; Concrete; Cor- 
rosiveness; Filtration, rapid 
sand; Magnesium carbonate; 
Manganese; Microscopic orgal- 
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isms; Mine waste; Rain; Steril- 
ization; etc. 
Hydrogen-ion concentration deter- 
mination; 1040, 1470 
recording apparatus, 888 
Hydrogen peroxide; see Taste and 


or 
sulfide; determination; 
1457, 1621, 1810 
samples, stabilizing for trans- 
portation, 1457, 1621 
removal; aération and, 308, 764, 
1177, 1803 
charcoal and, 899 
ferric chloride and, 767 
see Taste and odor — 
Hydroxide; see Alkalinity determina- 


tion 
Hypochlorite; analysis, 10300 

chlorine, active, determination, 
electrometric, 1033 

germicidal efficiency, 1030 

uses in water works practice, 1805 

see Chlorination; Sodium hypo- 
chlorite 


Ice; common carriers and, control, 
1179 
disease outbreak and, 1180 
manufacture; brine temperature 
and, 308 
water quality requirements, 1469 
stream used for harvesting, pollu- 
tion, court decision, 1461 
Idaho; water resources and rights, 
295 


lilinois; cross connections, 1614 
State Dept. of Health, authority, 
306 
stream pollution control, 305, 306, 
307, 1451 
typhoid, 306, 307, 308 
University, water supply, 1304 
water supplies, new, financing, 457 
wells; and drainage wells, control, 
1614 
supplies from, 309 
India; water supplies, 1805 
Indiana; Muscatatuck Colony water 
supply, 1464 


treatment; 1044 
biological, 596 
progress, 462 
see Coal washing; Gas and coke 
works; Mine; Pollution, indus- 
trial wastes; etc. 
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Infiltration gallery; 894, 1316 
advantages, 751 
new, 293, 299, 601 
pollution hazards, 301 

Injury; employees’ negligence and, 
liability of municipality and, 1459 
see Water works 

Inland Power and Light Co.; Ariel 
Dam construction, 146 

Intake; 908 
new, 1612 
pipe, cast iron, 904 
screens, 1612 

Iodine; determination, 756, 1446, 1447 
geochemistry of, 1814 
sterilization and, 757 
in water; 463, 756, 1033, 1298 

activated carbon, adsorption 
and, 749 
bathing and, absorption through 
skin and, 1033 
see Goiter 

Iron; plumbing staining and, 
taste and, 306 wl 
water sterilization and, 1819 

Iron, bacteria; see Bacteria, iron 

Iron, cast; testing of, 593 tal. 
see Pipe, cast iron 

Iron chloride; ferric, solutions, 
storage, 767 
see Coagulation; Color 

Iron corrosion; coatings, protective, 
1811 
drop experiments, 1811 
electrolytic iron compared with 

steel, 1815 
hydrogen evolution, iron hy- 


droxides and, 763 
and passivity, 1448 tatew 
protection and; 602 

in sea water, 1809 toad 


rust removal, 1809 

steam and, 1470 

see Boiler corrosion; Corrosion; 
Corrosiveness; Paint; Pipe; 
ete. 

Iron determination, colorimetric; 
standards, preparation of perma- 
nent, 1470 
sulfosalicylic acid and, 453 
thiocyanate; 755, 762 

fluorine and, 1042 panel 
sulfate and, 1043 F 

Iron removal; aeration and; 15l, 
1803 
_ and coke filters, 751 
and filtration; 293, 298, 892, 899, 
j 1295, 1453, 1469, 

1801, 1816, 18 ~~ 
membrane, 455 
lime and alum, 600 


Opera. 
treat. 
o> 
rTosi 
on 
n, 896, 
78 
mping, 
ancing = 
co 
bit at 
20) 
xygen 
1298, 
| 
rated 
Indianapolis Water Co.; n Pe 
crete pipeline, 448 we, 
new elevated tank, 301 
Industrial wastes; acid, neutraliza 
tion, 596 
ion; 
or- 
pid 
ate; x 
an- 


lime and filtration, 151, 754 


alum and, 1469 

ss base exchange, material prepara- 

tion, 764 

coke tricklers and, 1316 

_ deposition in presence of chlorine, 
1 


and filtration, 1823 

permanganate and, 1469 

Iron sulfate; see Coagulation; Color 
removal 

Iron sulfide; deposition by bacteria, 
312 

Iron, wrought; corrosion and, 1815 
definition, 904 
manufacture, 904 
see Pipe, wrought iron 

Ironton, O.; chlorination taste, ex- 
cess lime substitution and, 298 

Italy; proposed specifications 
locomotive waters, 898 


for 


James River; pollution case, 1460 
Jamshedpur, India; water purifica- 
tion, 1308 
Japan; water supplies, 1805 
Java; water systems, 1170 
9 
Kanats; see Water, ground 
Kansas, ground waters of; disease 
outbreaks and, 1313 
quality, 301, 1314 
typhoid and dysentery and, 301 
Katadyn; sand, water sterilization 
= 463, 1469 
water sterilization and; 157, 463, 
(1179, 1819 
bactericidal power of treated 
bi water, 158, 1819 
¥ health and, 158 
silver dissolved, amount, 158 Hs 
temperature and, 1179 
see Oligodynamic; Silver ag 
Keijo, Japan; water supply and night 
soil disposal, health and, 1314 
Kentucky; drought of 1930; typhoid 
and, 296 
water supplies and, 296 
Kitchener, Ont.; swimming pool, 602 
Konigsberg, Ger.; purification; 756 
new plant, 141 


Laboratory; mobile, 306 
water works, value, 1468 

La Conner, Wash.; new water works, 
765 

Lansing, Kans.; penal 

_ water supply, iron removal, 


institution 
600 
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ferric chloride and, 767 eli 
filtration, membrane, 1610 
lime and; 1469 - 


Lawrence, Mass.; i 
poe ; filtration, early, Lo 
Lead; corrosion; ec: ioxi 
at ; carbon dioxide and, Lor 
protective coating  formati 
determination, 1173, 1825 7 
nitrate, oligodynamic action, 142 
solvency, 463, 1035, 1445 S 
water sterilization and, 1819 P 
see Pipe, lead; Services g 
i poisoning; concentration and, 
maternal mortality and, 301 ~ 
Leakage; extent, 1298 Ld 
survey; pitometer, results, 462 r 
1467 Lot 
results, 768 “y 
Lebanon, Tenn.; new supply and Lot 
pana works, savings and, | t 
16 
Leipzig, Ger.; lead solvency and, 
1445 Lo 
Lemna; minor, radium concentration Li 
polyrrhyza, radium concentration Lu 
radium in, 1298 t 
Leominster, Mass.; No Town reser- 
voir dam, reconstruction, 903 M: 
Leptothrix; pH and, 1806 ( 
see Bacteria, iron : 
Levee; construction, 292 Mi 
Level; recorders, distant, 1031 ' 
Lewiston, Idaho; filter reconstrue- 
tion and cost, 886 
water cost and purification cost, 
887 
Lexington, Ky.; water supply, 
drought and, 296 
Lime; slakers, continuous, 600 M 
see Softening 
Lime treatment; 901 M 
sterilization and, 298, 1455 
see Acidity; Boiler corrosion; Cal- € 
cium carbonate; Carbon dioxide r; 
removal; Coagulation; Cor- | 
rosiveness; Iron removal; Man- 
ganese removal; Softening; 
Stream 


Limmat River; water quality study, 
1471 


bibliography, 303 
regional, and mapping of, 302 
Liverpool, Eng.; Vyrnwy watershed 


reforestation, 293 
wash houses, public, 457 ? 
water, B. aerogenes-B. coli ratio, 
1174 
Lloyd Barrage; 
costs, 750 


construction and 


| 
| 
} 
- 
q 
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early, 


> and, 


ation 


142 
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Logan River; runoff, snow cover and, 


3 . 

aan Eng.; filtration; double, 
1172 
early, 894 

Metropolitan Water Bd., report, | 
463 

ozone treatmen nt, 1175 

pumping station developments, 
1620 

Surbiton pumping station, re- 


modeling, 1617 
Long Beach, Cal.; water system 1m- 
provements, 767 
Long Island Lighting Co.; pipe cor- 
rosion, 
Los Angeles; well testing, 156 
Wilmington treatment plant, 1169 
Louisville, Ky.; drought, taste 
troubles and, 296 
filtration, early, 1176 
reservoir, Cardinal Hill, 1815 
Lowestoft, Eng.; water supply, 761 
Liibben, Ger.; corrosion, 753 
water and sew age Ww orks, 753 
Lumber City; pollution case, 1461 
Lynchburg, Va. Aer-O-Mix and, 149 
‘typhoid and, 1172 
Magdeburg, Ger.; water purification 
data, 1 
well supply, new, 151 
Magnesium; detection, test papers 
and, 592 
"determination; o-hydroxyquino- 
line, volumetric, 1445 
yrophosphate, 
chloride and, 1 
water sterilization and, 142 
see Hardness 
Magnesium bicarbonate; solutions, 
pH of, 763 
Magnesium carbonate; precipitation, 
pH and, 763, 1033 
solubility, 1454 
solutions; decomposition on boil- 
ing, 1454 
pH and, 1033 
Magnesium ’ sulfate; sodium carbon- 
ate and hydroxide, reaction and, 


ammonium 


Main; blockage, locating, 1829 
cleaning; 1806, 1829 
savings and, 1806 
coating with ‘bituminous material 
in situ, 1040 
— blowing, frequency, 


extensions; obligations re, law and, 
1302 


unprofitable, financing, 600 


failure, typhoid and, 1172 9 
laying; excavation and back- filling, 
machines and, 1316 
sand bed for ‘drainage and, 1170 
sterilization; 308, 903, 1311, 1312, 
1450 
hypochlorite and, 1805, 1816 
tuberculation, iron bacteria and, 
1806 
wooden log, 1315 
see Distribution system; Pipe 
Maine; stream pollution, 1450 
Malting; steep water composition, 
1297 
Managua, Nicaragua; water works, 
earthquake damage, 450 
Manchester,  Eng.; Haweswater 
scheme, 1620 
Manchester, Ga.; new 
plant, 1621 
Manganese; ‘“‘black water’ and, 1817 
oxidation, pH and, 1817 
reservoir, impounding; 1817 
depth and, 1817 
drawing off bottom water and, 
1817 
see Chlorine, free, determination; 
Filtration, rapid sand 
Manganese hydroxide; water steril- 
ization and, 893 
Manganese removal; 
1803 
and filtration, 298, 1316, 1453, 


1469 
alum and, 1469 
coke tricklers and, 1316 
deposition in presence of chlorine, 
1812 
ferric chloride and, 767 
iron and lime coagulation and, 
1803 
lime and; 1177, 1469 
aération and filtration and, 151 
permanganate and; 1469 
and filtration, 751 
zeolite and, 1828 
Manggarai, Java; Seitz filters, ob- 
servations, 1180 
Mannheim, Ger.; new water works, 
896 
Marble; see Acidity; Carbon dioxide 
removal; Sulfate 
Marianao, Cuba; water works data, 
894 
Marietta, O.; taste, preammoniation 
and, 298 
Marshall, Mo.; consumption, 1456 
new softening plant and cost, 1456 


treatment 


aération and; 


and, 
462, 
and 
and, 
and, 
= 
tion 
tion 
ser- 
+ 
st, 
he 
4 
de 
y, 1471 
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i 
| 
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Martinsville, Va.; main blockage and 
cleaning, 1829 
service reservoirs and tanks, 1829 

Maryland; Bureau of Sanitary Engi- 
neering, tank-paint tests, 
drought of 1930 and, 298 nite 
pollution control, 159 
sewage treatment plants, 159 
Water Resources Commission, re- 

port, 769 

Maryland-Delaware Water and 
Sewerage Association; 6th confer- 
ence, 158 

Massachusetts; Ware and Swift 
Rivers, diversion case, 1176 
water supplies, private, 1182 

Mathematics; sce Books, new 

McKeesport, Pa.; complaints, hand- 
ling, 601 

Meta; neglected for indexing pur- 
poses 

a sterilization at distance and, 
5 


see Corrosion; Oligodynamic; Pipe; 
Silver; etc. 


Meter; coin-operated, 1170 
evolution of, 1316 Lb 
location, 601 8 


maintenance, 1829 

ownership, 601 

standardization on one manufac- 
ture, 1829 

survey, revenue increase and, 1818 

under-registration, gas refrigera- 
tors and, 160 

Metering; advantages and disadvan- 
tages, 601 


benefits, 1318 

Bluefield, Va, 602022 
Brookline, Mass., do hin) 
desirability, 1298 

Erie, Pa., 462 
Forsyth, Mont., 765 

Nashville, Tenn.,904 
prejudice against, 895 


Staunton, Va., 1829 
Topeka, Kans., 1467 
see Consumption 

Methylene blue; see Bacteria, colon 
group 

Miami, Okla.; swimming pool, 1318 

Mice; water contamination, 890 

Michigan; stream flow prediction, 
1305 

Microscopic organisms; aeration and, 
1177, 1450 

alkalinity and, 1031 

chlorination and; 308, 753, 760, 

903, 1035, 1450, 1469 aah? 

ammonia and, 143, 1318 


it baw 
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chloramine and, 1610 
copper and, 590, 892, 902 
hypochlorite and, 1610, 1805 
silver and, 892 
color and turbidity and, 1610 
and, 1183 
ydrogen-ion concentratio 
1031 
in lakes, factor, controlling, 453 
see Copper sulfate; Diatoms; ij. 
tration; Filtration, rapid sand: 
Taste 
Microspora; in swimming pool ‘ 
1610 
Midland, Mich.; coagulation i 
Milan, Ind.; new water suppl 
Millbrook, N. Y.; new mo he 
sewer systems, 601 
Milton, Mass.; financing, 1315 
Milwaukee, Wis.; water works opera. 
tion, 460 
Mine waste; 301 
for boiler use, 1813 
coal; acid, neutralization, 597 
fish and, 597 
corrosiveness, pH and, 1179 
see Coal 
Mineral content; cancer and, 1041 
physiological action and, 452 
solution from rocks, etc., 159 
see Solids; Water analysis 
Minnesota; ground water quality sur- 
vey, 451 
Minot, N. D.; new water supply, 1038 
Mississippi; water supplies, 1308 
Mississippi River, flood control; New 
Madrid levee, construction, 292 
report on, 147 
Mixing; 1807 
Aer-O-Mix and, 149, 894, 1456 
air and, 1030 Hy 
baffles and, 905, 1622 ca 
basin, 1465, 1613 H 
mechanical, 149, 452, 600, 765, 905, 
1307, 1611, 1801 
period, 765, 1464, 1801, 1816, 1817 
Monongalia County, W. Va.; water 
supplies, 1183 
Monroe; water supply lake, recrea- 
tional use, court decision, 1461 
Montana; water resources and rights, 
295 
Montclair, N. J; centrifuga) pumps, 
automatic control, 903 
Montreal; Bonna pipe, 906 
typhoid epidemic, 310 
water supply, 309 
Morgantown, W. Va.; water supply, 
1183 
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Murfreesboro, Tenn.; water works 
improvements, 599, 1456 
Murray River; estuary, pH varia- 

tions, 10: 
Mussel; see Shellfish 
ozone treatment, 


Nancy, France; 


1620 
Naphthalene; fish and, 1809 


Naphthol; destruction by activated 
sludge treatment, 1808 ‘ 
Nashville, Tenn.; consumption, 904 
filter plant, new, 1452 
metering, 904 
reservoir, waterproofing, 1452 
water works, 904, 1306 
Nebraska; streamflow, drought and, 
297 
Nepean Dam; see Sydney, N. S. W. 
Nevada; water resources and rights, 


294 
New England Water Works Associa- 
tion; history, 1315 2 
New Jersey; Delaware River, diver- 
sion controversy, 1175 
stream pollution, 1044 
taste troubles and remedies, 308 
typhoid, 305 
water supplies; drought of 1930 and, 
5 


30. 
ground, 1307 
New Mexico; water resources and 
rights, 295 
New Milton, Eng.; rain water, pH, 
1299 
New Orleans; gas main corrosion, 


602 
New York Central Railroad; Rome 
track pan station, 299 
New York City; Delaware River di- 
version controversy, 1175 
pipe, brass, embedded in concrete, 
repair, 1039 


subway, Houston-Essex St., soil 
exploration and, 445 
tunnel; 1620 
No. 2, construction; accidents 
and, 447 
ventilation and, 446 
water works operation, 460, 903, 
1449 
New York State; Delaware River 
_ diversion controversy, 1175 
Division of Sanitary Engineering, 
annual report, 1929, 1311 
municipal work relief projects, 
1182 
typhoid carriers and, 1310 
Newark, N. J.; impounding reservoir, 
cleaning, 302 


:1893 


Newbury, Eng.; water works exten- 
sions, 150 
N ee Eng.; pumping station de- 
velopments, 1620 
—— News, Va.; pollution case, 
Niagara River; pollution, Buffalo 
and, 1821 
Nice, France; ozone treatment, 1620 
Nickel; water sterilization and, 1819 
Nitrate determination; hydroqui- 
nonesulfonic acid and, 1027 
methods, 456 es 
photometric, brucine and, 456 ae: 
pyrogallolsulfonic acid and, 1027 
salicylate and, 889 a 
standards, preparation of perma- 
nent, 1470 
Nitrification; in rapid sand filters,311 
Nitrite; see Chlorine, free, deter- 
mination 
Nitrite determination; by distillation 
into sodium hydroxide, 1812 
standards, preparation of perma- - 


nent, 1470 
Nitrocellulose; see Celluloid 
Nitrogen; absorption coefficient, 


312 
Norfolk, Va.; automatic stoker and, pats 
1829 


North Dakota; ground waters of, Ss 
1461 
North Jersey Metropolitan District; 
Wanaque; aqueduct, disinfection, 
1311 
reservoir, manganese and, 1817 | 
Nottingham, Eng.; concrete service 
reservoir, 1173 x 


Odor; aeration and, 1464, 1803 
bleaching clay and, 1802 ate 
carbon, activated, filtration and, 
301 


Crenothrix and, 1816 
determination, 1806 
microérganisms and, activated car- 
bon and, 1828 
prechlorination and, 1828 7 
see Chlorination, taste and odor; 
Taste and odor rs 
O’Fallon, Ill.; new water supply and 
financing, 457 
Ogden City, Utah; waste water sur- _ 
vey, 768 
Ohio; Division of Sanitary Engineer- 
ing, report, 1929, 1309 
drought of 1930, 298 
water purification, rates, and con- 
sumption, 1613 
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water supply and sewage improve- 
ments, 1310 
Ohio River; B. coli content data, 1802 
drought of 1930; intestinal dis- 
turbances and, 296 
“river taste’’ and, 298 
Oil removal; peptized tang extract 
and, 1821 
see Boiler feed water treatment 
Oklahoma; softening, zeolite, 1318 
water works short course, 8th, 1318 
Oklahoma City, Okla.; water-borne 
disease, court decision re, 1459 
Okmulgee, Okla.; ammonia-chlorine 
treatment, 1318 
Olean, N. Y.; prechlorination, 1828 
taste and odor, activated carbon 
and, 1828 
Oligodynamic action; 141 
- of various metals, 1819 
water sterilization and; apparatus 
1037 
suspended matter and, 1819 
see Copper; Lead; Silver; Steril- 
ization 
oe, Neb.; water works operation, 


Orange, Va.; sewage disposal plant, 
1 


ay water resources and rights, 
5 
Organic matter; removal, activated 
carbon filtration and, 1612 
see Carbon; Oxygen consumed; 
Oxygen demand 
Orifice meters; 889 
Ortho; neglected for indexing pur- 
poses 
Osage River; see Union Electric Light 
and Power Co. 
Ossining, N. Y.; new filter plant, 456 
Ottawa, Ont.; new filter plant, 1040 
Oxygen; absorption coefficient, 312 
solubility; 1033 
at various temperatures, 312 
solution; rate of, 1033 
velocity, 591, 1446, 1810 
see Oxygen dissolved 
Oxygen consumed; activated carbon 
filtration and, 768 
determination; methods, compari- 
son, 1182 
permanganate, modification, 1447 
see Carbon; Organic matter 
Oxygen demand; determination; 1450, 
1822 
dilution method; 2-day incuba- 
tion and, 1028 
dilution water and, 1822 
phenol and, 1181 
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see Carbon nh 
Oxygen dissolved; aération and, 1177 
1803 
air-lift pumping and, 1803 
in eutrophic and oligotrophic ] 
453 


fish and, requirement, 145] 
see Boiler corrosion; Copper; Cor. 
rosiveness; Oxygen 
a dissolved, determination; 
in boiler room, 899 
in condensate return to boiler 
sampling for, 1300 : 
in sea water, Winkler, modification, 
1028 
Oxygen removal; peptized tang ex- 
tract and, 1821 
sodium sulfite and, 1453 
Oyster; see Shellfish 
Ozone treatment; 753, 1037, 1469 
bacterial efficiency, 463, 1175 
cost, 1175 
plants, 1620 
taste and odor removal by, 463, 
1175 
Pacific Gas and Electric Co.; pipe- 
lines, cathodic protection, 1618 
Paderborn, Ger.; water works, 753 
Paint, rust-preventive; 602, 1809 


red lead and, 896 "Oh ay 
zinc chromate and, 896 
see Steel corrosion; Tank eo 


Paoli, Ind.; new filter plant, WE 


Paper manufacture; sizing, hard 
water and, correction, 591 
waste; fungus growths and, chlo- 
rine-copper treatment and, 893 
pollution and, 1450 
water; hard, disadvantages, 904 
quality and, 905, 1032, 1469 
treatment; 904, 905, 1032 
sodium aluminate and, 1032 
Paris, France; chlorination, 1620 
Seine reservoirs, 1620 
water supply, new, Loire Valley 
and, 299 
Pasadena, Cal.; Pine Canyon dam; 
766 
construction and cost, 1616 
Patoka River; pollution survey, 306 
Pawnee; pollution case, 1459 
Péces, Hungary; goiter, iodine and, 
1621 
Pennsylvania; Delaware River di- 
version controversy, 1175 ae 
pollution control, 159, 1044 
purification data, 307 it 
typhoid; 1807 
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drought and, 307 welded, resistance-, 595 
, 1177, water supplies, drought and, 307 see Main ; 
Peptone; see Books Pipe, brass; corrosion, 1177 
Perch; road tar compounds and, 1809 see Brass ) it 
lakes, Permanganate; see Chlorination, Pipe, cast iron; centrifugal ; 751 
taste and odor; Iron removal ; Man- composition and strength, 593 
ganese removal; Taste and odor corrosion; 898, 1453 
> Cor. Persia; irrigation by kanats, 1613 metallographic study of, 760 ; 
j Perth, Scotland; new filter gallery, tuberculation; carrying capacity 
ation; 293 ) and, 1466 
Perth, W. Australia; corrosiveness, metal quality and, 1466 — 
deaération and lime and, 891 seraping equipment, 1466 
Oiler, water supply, 891 failure, 1453 ae 
; Peru, Ind.; new filtration and iron history, 1315 paar sqil 
ition, removal plant, 1801, 1816 joints; 751 Le yon 
Petersburg, Ind.; new filter plant, Leadite, 457. iu 
ex. 306 line; 1171 
Phenol; bacterial destruction, 1181 _ centrifugal, leakage, 457 " 
carbon, activated, adsorption by, lining; bitumen, 1466 - 
1300, 1804 f renewing; electrically, 1466 _ 
charcoal, adsorption by, 899 _ tn situ, 1466 
fish and, 1 testing, 593 
oxygen demand and, 1181 tte tuberculation, iron bacteria and, eae 
removal with bleaching clay, 1802 1466 — 
463, see Brown coal; Filtration, slow see Iron, cast 7 
sand; Gas and coke works Pipe, cement-asbestos; ‘‘Eternit;’’ ry 
Phenol determination; 758 160 
in brown coal distillation waste, water quality and, 
3 in coke plant waters, 1028 Pipe, cement-lined; 751 % on 
in gas works liquors, 1300 coated with tar or asphalt, $03 — 
Gibbs’ method, modified, 1804 Pipe coating; 753 baslogit 
volumetric, bromate and, 1447 asphalt; 1301 ) af Bare 
Phenol waste treatment; 1300 emulsions, 1301 
activated sludge, 1808 bitumen vs. tar, 1453 its 
urd charcoal filtration, 1808 coal tar pitch, 1301 
see Gas and coke works electrical resistance, measuring, 
lo- m-Phenylenediamine; see Chlorine, 603 
393 free, determination external; asphalt, 899 oat 
Philadelphia, Pa.; prechlorination, cement-asbestos, 594 = 
04 early use of, 902 root penetration and, 603 _* 
typhoid outbreak, 1172 soil stress and, 603 
? water supply, boiler use and, 1038 tar enamel, 603 
32 Philadelphia Coke Co.; ammonia wrapping and; 603 = 
liquor dephenolization, 1813 asbestos felt and asphalt, 602 
Phoenix, Ariz.; water system im- lime deposits and, 753 
y provements, 292 petroleum pitch, 1301 
Phosphate; determination, in boiler properties required, 753 
ly and feed water, 1471, 1814 tests: laboratory methods, 1618 
as pollution indicator, 1042 pattern, 1618 * 
| see Boiler of various, 1618 " 
Photographic industry; water quality see Coatings; Main scl AGT 
Tequirements, 1469 Pipe, concrete; 1316 Jhebiow 
, Pigeons; B. coli and, type and, 1459 _line; 447, 1815 ve aes 
Pine Canyon Dam; see Pasadena, centrifugal; 767, 888 
Cal. cost estimates, 292 
— in concrete, repair, Hume, 156, 887 
3 


{ copper-bell type, and leakage, 
line; construction, 766 449 , 
river crossings, welded, 766 cost,448 = 


flow coefficient, 449 
reinforced, cylindrically, manu- 
facture and joints, 906 
Pipe, copper; advantages, 758 
protective, formation of, 


copper in water and, 1035, 1463, 
freezing and, 311 
and, 311 
manufacture, 1032 ah 
water discoloration and, 1035 
see Copper; Services 
Pipe, corrosion; 1452, 1454 eh 
metal composition and, 1452 
protection, cathodic, 1618 
< protective coating formation and; 
7 calcium carbonate and, 1453 
soil and, 603, 1453 
and tuberculation, 310 
see Calcium carbonate; Coatings; 
Corrosion; Corrosiveness; Iron 
corrosion; Paint; Pipe coating; 
Steel 
Pipe flow; graphical analysis, 1457 
Pipe, galvanized; corrosion and, 1453 
Pipe joint; Kiel Cap and, 458 
iwert Filled Sleeve and, 458 
see Electrolysis; Pipe, cast iron; 
Pipe, copper; Pipe, steel 
Pipe, lead; freezing and, 311 «iT 


ead in water and; 1465 7 
carbon dioxide and, 1465 = 
see Lead id 


Pipe, steel; advantages and disad- 
vantages, 1181 


coating; 1181 OAR? 
‘qsphaltic, 765,10388 
bitumen, 594 
external, gunite, 765 
oil and, 1810 An) 


requirements, 1810 
corrosion, 898, 1453, 1466 
joints, bell, cement and, 765 
ife, 603 
line; 458, 1171 
concrete-lined and encased, 1038 
welded; 888 


are-, construction, 155 


cost estimates, 292 as 
lock-bar, 1316 
welded, 751 ard 


see Electrolysis; Pipe, concrete; 
Pipe corrosion; Steel 
Pipe, wood; creosoted, chlorination 
taste and, 300 
-stave line, 447, 887 
see Main 
Pipe, wrought iron; advantages, 904 
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life, 603 TOE 
Mannesmann, corrosion, 596 
see Iron, wrought 
Pitometer; see Leakage 
; 
ittsburgh, Pa.; water purification 
— fixtures; staining, iron and, 
Plumbo-solvency; see Lead 
Pollution; B. coli limits for ray 
waters, 894 
birds and, 890 
control, state, 148 
—_ decisions, 148, 1459, 1460, 


court suits, time limit and, 1461 
damage awards, 1459, 1461 
indicators of; carbon content, 157 
phosphate, 1042 
temperature, 897 
intestinal disturbances after steril- 
ization and, 296 
mice and, 890 
police jurisdiction and, 148 
Pollution, industrial wastes; 1307, 
1311 
control, codéperation and, 1044 
see Coal; Fish; Industrial wastes; 
Mines; Paper; Sulfite; Well 
Pollution, stream; 1311 
control; 759, 1044 
coéperation between river and 
water supply authorities and, 
1821 
law and, 1451 
progress, 462 
state; 159, 305, 306, 307 
and federal powers, 1045 
permissible loading, 598 
shellfish areas and, 1822 
Port Angeles, Wash.; new water 
cupply and conduit construction, 


- Port Chester, N. Y.; water supply, 
1177 
Port Jervis, N. Y.; Delaware River 
diversion case, 1175 
Port Townsend; water system im- 
provements, 765 
Portville, N. Y.; water supply con- 
tamination, salamanders and, 1310 
Potassium permanganate; see Per- 
manganate 
Potsdam, Ger.; water purification 
plant, 298 
Power; see Boiler; Electric 
drying, apparatus for, 
89 


Pressure; high, system; 903, 1315 
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1460, 
1461 
it, 157 


steril. 


and 
and, 


gas engine, 458 
Steam; 458, 1454 


practice, 1171 | 
recorder, 1452 
storage, elevated, and, 1611 
Prettyboy Dam; see Baltimore, Md. 
Property; seizure for public purposes, 
law and, 130 
Protozoa; see Taste and odor 
Providence, R. I.; coagulation, iron 
compounds and, 1803 
filter plant operation, 1176, 1177 
Public relations; 1172 
Public utility; see Books — 
Puech Chabal; see Filtration 
Puget Sound; diatoms, physical and 
chemical conditions and, 1811 
Pulaski, Va.; main tuberculation and 
taste studies, 310 
Pulp mill; see Paper 
Pump; drive; electric, power inter- 
ruption, protection and, 156 
gearing and, 1462 
internal combustion engine, 1462 
water turbine; 1035 
inflow into reservoir and, 
1173 
new, 1818 
see Railroad; Well 
Pump, air-lift; efficiency, calcula- 
tion, 906 
oxygen dissolved restoration and, 


theory, 905 
see Well 
Pump, centrifugal; axial thrust, 1457 
drive; Diesel, 451 
electric; 449 
check valves and, 903 
control, automatic, 903 
new installations, 764, 887 
priming and, 902 
speed regulation, 449 
leakage loss and, 14570 
prevalence, 293 
submerged, 151 A 
testing plant, 750 $= | 
turbulence and, 1457 ui 
Pumping engine; history, 1316 
Uni-flow, tests of, 905 
see Engine 
Pumping station; 310, 602, 891, 904, 
1035, 1453, 1818 
developments, 1620 
drive; Diesel, advantages, econ- 
- omy, and efficiency, 1039 
electric; 456, 1450 
operation cost, 1466 
ER 
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efficiency, 1039 
consumption, 461, 462, 
1454, 1467, 1617 

new, 302, 449, 458, 887, 1816 
obsolescence, cost of, 1801 
operating cost; 1467 

elevated storage and, 1611, 1617 
performance, 1306 
see Engine; Well 

consumption and, 1613 
control, chemical, 1313 ees 
cost, 887, 1466, 1467, 1806 dat Sere 


progress, 462, 1806 om 
vs. pure source, 896 
rates and, 1613 es 
raw water, B. coli limits and, 894 
trends, 1613, 1807 
see Chlorination; Electroésmosis; 
Electrolysis; Filtration; Soften- 
ing; Sterilization; Storage; etc. 
Purification, self; 313, 598 


of streams; factors, 1044 7) 
reservoirs, artificial, 897 si 
stage and, 294 iti 

see Storage 

Pyridine; fish, and 1809 
Quinoline; fish and, 1809 


Radioactivity; 592, 1179 
determination, 590, 1179 
Radium; baths, preparation, 1469 
in water; barium and, 591 
by organisms, 595, 


uranium and, 591 
Rahway, N. J.; taste and odor treat- 
ments, 152 
Railroad; boiler feed water treat- 
~ ment; jime-soda; 300, 1801, 1807 
foaming and, 1801 
savings and, 300 t 
sodium aluminate and, 1807. 
zeolite; 300, 1801, 1807 7 
iv foaming and, 1801 
ice supplies, control, 1179 
water; drinking; 1807 
control in Canada, 1179 
pumping, 1805 
pumps, centrifugal vs. recipro- 
cating, 299 
storage tanks, 1805 


pH and, 1299 
Rainfall; Australia, 751 
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computations, 150 
drought; Canada, western, 749 
water ‘supply and, 895 


of 1930; ground water and, 297, 


4 Colombo, Ceylon, 1171 


298 
3 Kentucky and, 296 

Maryland and, 298 

frevni Nebraska and, 297 

New England and, 902 
New Jersey and, 305 

Ohio and, 298 

Pennsylvania and, 307) 

South Dakota and, 297 
streamflow and, 297, 


_ typhoid and, 296, 298, 307 
Virginia and, 298 
water supply and; 296, 297, 
298, 307, 902 
193108 intestinal disturbances 
and, 296 
West Virginia and, 297 
evaporation loss, 1813 to. 
factors, 749 
ore intensity formulas, 1044 a 
records, value, 896 ye 
run-off and, 297, 1305, 1813 
_ soil absorption and, 1813 
South West Africa, 1174 
Rain-gauge; standard, in Gt. Britain, 
149 
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Rates; 895, 896 
Cuba, 895 
Erie, Pa., 461, 462, 1467 

Germany, 1452 
minimum charge and, 1467 
public and private ownership and, 

7 statistics, 460 

purification and, 1613 


oF refrigerators, gas-operated, and, 
160 

a Soerabaya, Java, 1170 

Topeka, Kans., 1467 
Refrigerator, gas-operated; water 


used and rates, 160 
Reglo, Cuba; water works data, 894 
Reservoir; concrete, 1039 

construction; 1827 

control, in Gt. Britain, 293 
evolution of, 1316 
fish, stocking with, purification 
and, 757 
pollution and, 1311 ota; 
shooting and, 1311 
sterilization with hy 
805 

waterproofing and cost, 1452 

_ see Manganese; Water weeds 
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Rockport, Mass.; water supply, 
drought and, 902 

Ruhr, Ger.; mine waters, pH and, 
1179 


Reservoir distribution; after 
and gull contamination, oy 
mine and, 1816 
concrete; "767 


construction ; 765, 887, 1458, 
interior, ’ silicate ‘tr | 
eatmnent, Sa 

cost, 765, 1173, 1458 . Sa 


new, leakage test, 1815 
covering, for park use, 766 
fencing, 1450 Sa 
turbine pump drive and, | 
leakage, contamination and, 19% 
pressure, pneumatic, and, 150 
steel; 767 

coating, 768 

cost, 768 7 

Reservoir, impounding; 908, 1174, $ 


1449 

carbon, addition in, 1804 

cleaning, enetas dredge and, 302 
am, types, relative econo 
studying, 1304 

loss, 1178 

in Great Salt Lake, 1178 

a3 surrounding, purchase and, 
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organic matter; bottom drain and, 


evaporation and, 1804 
recreational use; 293, 1449 
prohibition, court decision and, 
146 
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sites, evaluating, 1304 
storage above spillway level, 1616 
streams, chlorination and, 1450 
Rheims; - chlorination, 902 
Rhine River; flow and quality data, | 
598 
Rhineland, Ger.; mineral waters, 1468 
oe Wis.; new well supply, 
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Rhodococcus rosaceus; butter- 
washing waters, 1447 
Richmond, Ky.; water supply, 


drought and, 296 
Richmond, Va.; 
treatment, 1829 
Riverside, Cal.; new well supply, 156 
Road; see Tar 
Rock Island Dam; see Washington 
Electric Co. 


ammonia-chlorine 


Ruhrverband; and its activities, 1822 
Run-off ; 1174 
forecasting, 1043 
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snow cover and, 1043 
Rye, N. Y.; water supply, 1177 


Sacramento; water supply progress, 


salt water en- 


7 
Sacramento River; 
control 


proposed 
works, 1 
Saginaw, Mich.; taste and odor, ac- 
tivated carbon and, 148, 452 
water purification, 1620 
St. David, Ariz.; mottled tooth 
enamel, 311 
St. Louis; consumption, 1806 
purification cost, 1806 pol- 
sedimentation basin, of early date, 
894 
water quality, 1806 
St. Louis County Water Co.; water 
treatment, 1817 
Salamander; B. coli and, 310, 1309, 
1310 
Salicyl compounds; see Chlorination, 
taste and odor 
Salinity; see Mineral content 
Salt River Valley Water Users’ Asso- 
ciation; Stewart Mountain Dam, 146 
Sampling; 304 
apparatus; 1819 
ior bacteriological samples, 1812 
for boiler water, 
for gas determinations, 1608 
for bacteriological examination, 
27 


see Oxygen dissolved determination 
San Antonia, Tex.; water supply, 458 
San Diego, Cal.; consumption, 767 
cross connections, 1822 
El Capitan Dam, 767 
San Francisco; Fleishhacker swim- 
ming pool, chloramine and, 765 
Hetch Hetchy; aqueduct, welded 
steel line, construction, 155 
project, progress, 1038 


subsurface, 
on estimating, 445 


id, 
22 


or 

Sands 1297 gat 

fineness, evaluation, 1296 = 
probable settlement, 


see Filtration, rapid 
sand; Voids 

Barbara, Cal.; 
764 

Scotland; marine fauna, 303 

Scott’s Run, W. Va.; water supply, 

typhoid and, 1183 

reens; for impounding reservoir 


new water 
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Sea gull; see Gull 


and cost, 887 aaa 
see Intake te 


Sea water; base, 
mination, 755 
calcium determination, 1622 
carbon dioxide, free ‘and bound, 

determination, 754, 755 + 
fluoride determination, 1622 for 
iron determination, 755 nw: 
oxygen determination, 1028 
sulfite waste detection, 759 
see Aquarium grim: 


titratable, deter- 


Sedimentation; 1027, 1307 

bacteriophage and, 300 
clay suspensions, rate, 891 
period, 1308, 1608, 1817 adie: 


Sedimentation basin; 1295 
of early date, 894 
sludge; removal, 

vantages, 1612 
stabilization, activated carbon 
and, 159 
velocity and, 1608 
see Coagulation basin 
Services; charge for, 1315 
copper; 751, 765 1169, 1829 
corrosion ’ and, protective coat- 
ings and, 1034 
water discoloration and, 1034 
lead; electrolysis, electrical drain- 
age and, 603 
protective coating, natural, 1312 
leakage survey, 462 
ownership, 1312 
see Copper; Lead; Pipe 

Settling; see Coagulation; 
mentation 

Sewage treatment and disposal; 158, 
1829 
activated sludge, phenol waste 

treatment and, 


continuous, ad- 


Sedi- 


bacteriology of, 304. 
chlorination, 902 
progress, 462 

see Books 


Shannon River; power dam, model 
studies, 1458 

Sheboygan, Wis.; purification plant, 
1039 


Shelbyville, Ky.; 
drought and, 296 
Shellfish; from polluted water, dis- 
ease and 
water and, 1822 
Shepparton, Victoria, Australia; 
water purification plant and cost 
data, 1465 
Shrimp; naphthalene and, 1809 
Silica; seasonal variation, 896 = 


water supply, 
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raphy, 1810 
hot water and, 1036 
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see Boiler scale 
Silicate; pH and, 150 
see Sodium silicate 
Silver; sand, water sterilization and; 
142, 908 
silver content of water and, 142 
godium chloride and, 142 


solubility, 1313 
- water sterilization and; 764, 893, 
1175, 1178, 1313, 1819 
advantages, 1179 
theory, 1041 
treated water, bactericidal prop- 
erties; 1175 
boiling and, 1313 
see Katadyn; Metals; Oligodynamic 
Silver nitrate; oligodynamic action, 
142, 1179, 1313 
Singapore; Gunong Pulai reservoir, 
construction, 889 
water supply extensions, 458 
Snow survey; procedure, 1043 
Soap; hard water loss, 1612, 1613 
softening and, saving and, 1805 
Soda ash; see Acidity; Calcium car- 
bonate; Corrosiveness; Hydrogen- 
ion concentration; Softening 
Sodium aluminate; see Boiler feed 
water treatment; Coagulation; 
Color; Paper; Railroad 
Sodium bisulfite; see Dechlorination 
Sodium chlorate; see Water weeds 
Sodium chloride; see Brine; Silver 
Sodium hypochlorite; corrosiveness 
to various metals, 596 
preparation, 1610 
see Chlorination; 
Swimming pool 
Sodium peroxide; water sterilization 
and, 761 
Sodium phosphate; tri-, manufacture, 


Hypochlorite; 


see Boiler; Phosphate 
Sodium silicate; see Carbon dioxide 
removal; Corrosiveness; Reservoir 
Sodium sulfite; see Oxygen removal 
Sodium thiosulfate; as acidimetic 
standard, 1042 
see Dechlorination 
Soerabaya, Java; water supply, 1170 
Softening; 152, 456, 1027, 1806, 1807 
advantages, 456, 459 
barium aluminate and, 1035, 1299 
- base exchange and; 463, 757, 758, 
—-- 1031, 1295, 1318, 1469, 1824, 1828 
greensand and zeolites, bibliog- 
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plants; 600, 601 


Soil; bacteria and; anaerobic lactose 


solidification, chemical, 457 


materials; exchange capagj 
1456 g apacity, 
preparation, 764, 1295 
properties of various, 103 
plants; cost, 1456 
new, 750, 1456 
regeneration; apparatus, 1037 
automatic, 1036 
eontinuous, 1036 
double, 1036 
salt consumption, 1456, 1613 
of salt water, 1036 
silicate in treated water, 1034 
zero hardness and? 1034 
basins, sludge and; removal, con- 
tinuous, advantages, 308 
stabilization, activated carbon 
and, 1455 
calcium sulfate, sodium carbonate 


and, 1471 
carbon, activated, addition and, 
1456 
completeness, determination, 
ultramicroscope and, 1470 
compound for, 1036 
cost, 156, 460, 1816 
employment, increase and, 1307 
Haines apparatus, 1 
lime; 141, 293, 294, 1817 
-baryta, 141 
filter sand incrustation and, 294 
quick vs. hydrated, 600 5. 
sludge, use as fertilizer, 294 _ 
-soda; 143, 1469 
@larifier and, 600 
cost, 143, 1468 


new, 452 
-zeolite, 1036 
magnesium sulfate, sodium carbon- 
ate and hydroxide and, 1471 
municipal, residual hardness, prac- 
tice, 600, 601, 1468, 1817 
plants; cost, 156, 1816 
municipal, number 
States, 1613, 1816 
new, 306, 1816 
projects, study of, 1816 
savings and, 156 
see Boiler; Cooling; Railroad; Soap 


in United 


fermenting, 1180 

methyl red +, 
nificance, 1315 

B. aerogenes and, 1174 

corrosion survey, Shepard re- 
sistivity rods and, 1617 

corrosiveness, determination, 1300 

drifting of, in Western Canada, 740 
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see Dam; Geophysical exploration 
Solids; constituents, sum of, agree- 
ment and, 1455 
determination; 1455 
conductivity and, 758 
freezing point and, 758 
Somerville, N. J.; filtration, early, 
76 
south Dakota; stream flow, drought 
and, 297 ; 
South Pittsburgh Water Co.; soft- 
ning, 601 
South West Africa; hydrological fea- 
tures, 1174 
water supplies, 1174 
Southern New England Ice Co.; pol- 
lution case, 1461 
Southern Pacific Railroad; zeolite 
treatment, 1801 
Spencer, Ia.; fire, water supply and, 
1316 
Spillway; siphon, water measurement 
see Dam 
Spirophylla; pH and, 1806 
see Bacteria, iron 
Spokane, Wash.; new water tower, 


Spree River; bacteriophage and, 300, 
1825 
phenol-destroying bacteria and, 
81 
Spring; B. coli and, salamanders and, 
310 


pollution; farm fertilizer and, en- 
teritis and, 1310 
hazards and, 301 

protection and, 1182 

typhoid and, 1172, 1807 

as water supply, construction and, 
1827 


see Water, ground 

Springfield, Ill.; water purification, 
294 
well supply, 1615 

Springfield, § ass.; water supply, 1171 

Stanford University; earth dam, slop- 
ing cutoff wall and, 147 

Staphylococcus; metallic radiations 
and, 1456 

Staunton, Va.; water supply and 
treatment, consumption, metering, 
1829 

Steam; iron corrosion and, 1470 

Steel corrosion; coatings, protective, 
and, 1811 na 
copper addition and, 890, 1815 
protection; 602 aH 


red lead and, 1815 
in sea water, 1809 ergs 


rust removal, 1809 

steam and, 591 ae 

see Boiler; Corrosion; Corrosive- 
ness; Iron corrosion; Pipe 5 

Sterilization; 1027 

cerium preparations and, 1469 

Chlorox and, 1180 

history, 1316 

by H-ion concentration alteration 
with alkali, 1812 

metal circuits and, 1175 

see Arsenic; Bacteria; Bacterium — 
coli; Chlorination; Copper;Dis- 
infection; Iodine;Iron; Katadyn; 
Lead; Lime treatment; Mag- 
nesium; Manganese hydroxide; _ 
Metal; Nickel; Oligodynamic; 
Ozone; Silver; Sodium peroxide; 
Tin; Ultra-violet; Zinc; Zine hy- 


droxide 
Stewart Mountain Dam; see Salt 
River Valley Water Users’ Asso- 


ciation 
Stockport, Eng.;Goyt Valley supply, =| 

1034 
Stonehaven, Scotland; infiltration 
beds, 751 aes 
Storage; B. coli-B. aerogenes ratio 

and, 1174 


on distribution system, location __ 
and, 1829 
elevated, advantages and economy 
of, 1611 
purification and, 463, 897, 1176, | 
1308, 1312 
taste and, 308 
see Reservoir; Tank el 
Stream; acid, liming and, mechanical a ¥ 


devices and, 599 
chlorination, 463, 1450 
10- and 30-day composites for 
analysis, 1830 
see Pollution 
Stream flow; curves and, calculation, 
1457 


drought and, 296, 297, 298 mae 
predicting, 896, 1305 2 
tributaries and, complete mixing 7 ae 
and, distance and, 599 ca 
Stream gaging; cost, 1621 — 
importance, 888, i621 ae 
New England and, 902 ne 
Streptococci; enumeration, 463 
fecal, in water, 304 re 
Stuttgart, Ger.; Park Lakes, bio- 
logical investigation, 1449 
superchlorination and activated _ 
carbon dechlorination, 1449 
Sugar; water, quality requirements, 
1469 
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Sulfate; removal; barium aluminate 

and, 1299 

marble, filtration through, and, 
751 


see Water, ground 
Sulfate determination; colorimetric, 
preparation of permanent stand- 
ards, 1470 
gravimetric; as barium sulfate, 
benzidine and, 752 
_ turbidimetric, in boiler water, 1446 
- volumetric; benzidine and, 592, 752 
iodometric, chromate, 1807 
Sulfide determination; 1801 
Sulfite; pollution of sea water with, 
oxygen balance and, 759 
Sulfur dioxide; see Dechlorination 
Sulfuric acid; removal with bleaching 
clay, 1802 
see Coagulation 
Surbiton, Eng.; water works, 1454 
Suspended matter; estimation, filter 
plate method, 1471 
see Turbidity 
Sweden; limnological map, 302 
water supplies, 899 
Swift River; see Boston 
Swimming pool; algae, chloramine, 
copper sulfate and hypochlorite 
and, 1610 
_ chlorination; 602, 762, 1451 
ammonia and, 143, 765 
‘residual and; 1451 


— eye irritation, ammonia and, 


766 
} loss, soda in cleaning pow- 
le ders and, 762 


coagulation, alum and soda ash, 
602, 761 


construction, 1318 um 

cost, 1319 fara 

filtration; 602, 1451 


pressure, 761, 1310 
Katadyn sterilization and, 158 
operation, 1318 
recirculation period, 602, 761, 1451 

_ water; aération, 762, 1451 

purification, 1312 

safeguarding, 759 

temperature, 762, 1451 
see Bathing beach 

Sydney, N. 8S. W.; Nepean Dam to 
be completed, 905 
red water, main coating and, 1040 
Synura; copper sulfate and, 1177, 
1183 


taste and odor and, 1183, 1302 


Tacoma, Wash. ; Hood Street station, 
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chlorination, 757 

ampa, Hla.; chloramine tr 

coagulation basins, copper gs 

and, 1816 

corrosion, lime treatment and, 1816 

Tang extract, peptized; water treat. 
ment and, 1821 

Tank; aftergrowths and gull cop. 
tamination, chloramine and, 1816 
coatings, 1825 
elevated; 1169 


distribution system operati 
and, 301 

radial-cone bottom, 301, 749 
1306 

steel; enclosed in masonry, and 
cost, 886 


new, 1456, 1815 
paints, taste and odor tests, 450 
steel; coating, 768 | 
cost, 768 
developments, 1306 
painting, aluminum and, primer 
tests, 1302 
welded, 898 
Tar; road, fish and, 1809 
Taste and odor; 1171, 1806 
aération and, 149, 1469, 1620 
carbon, activated, and; 1180, 1307, 
1620 
filtration and, 768, 1469, 1612 
powdered, addition; 148, 152, 
159, 298, 452, 1468, 1469 
application, point of, 1455 
cost, 1456, 1613 
dosage, 148, 152, 1456, 1613 
plants, number using, 1613 
causes, 1816 
chlorination and; ammonia and, 
298, 1620, 1816 


_super-, 1620 
clay, bleaching, addition; cost, 
1612 


dosage, 1611 

coagulation and, 1469 

determination, 1806 

drought and, 296, 297, 298 

earthy, ozone treatment and, 463, 
1175 

filtration and, 1469 

hydrogen peroxide and, 1469 

hydrogen sulfide, carbon addition 
and, 1455 

importance, 1043 

industrial wastes and, 1307 

iron and, 306 

lime, excess and, 298 

microérganisms and; 296, 760, 896, 
1183, 1301, 1316, 1468 
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aeration and, 297 
carbon, activated; addition and; 
297, 1170, 1455 
dosage, 1171, 1464, 1612 
in reservoir, "1804 
filtration and, 297 
chlorination; ammonia and, 297, 
1302 
super-, 297 
protozoa and, 310 
permanganate and, 152, 298, 1469 
removal, 1609 
storage and, 308 
treatment and, 1299 
use of unsafe supplies because of, 
1183 
see Chlorination, taste and odor; 


Odor ae 

Teeth, mottled enamel; bibliography, 
311 
distribution in United States, 1820 
fluorine and, 311, 1318 

Teheran, Persia; water supply, 1613 

Temiscouta Dam; 1616 

Temperature ; recorder, 1452 ey 
records, value, 897 
see Bacterium typhosum; Silver 

Tennessee ; mottled tooth enamel, 
1820 

Terre Haute; fire hose coupling stand- 
ardization, cost, 905 

Texas; rainfall and runoff, 1813 
underground water resources, 1823 

Texas and Pacific Railroad; well leak- 
age, grouting and, 299 

Textile industry, water and; quality 
requirements, 1469 
purification and, 1031 
troubles due to, 1028 

Thomasville, Ga.; water softening, 


Tin; water sterilization and, 1819 

Toledo, O.; algae, tastes and short 
filter runs, carbon and, 1170 
sewage treatment, 1310 

0-Tolidin; see Chlorine, free, deter- 


mination 
p-Toluenesulfonchloramide; B. 
and, 1449 
Topeka, Kans.; water works, annual 
report, 1932, 1467 
Treatment; 456, 757 
progress ‘and, 144, 1312 
requirements, 1820 
see Barium; Chlorination; Filtra- 
tion; Iron removal; Purification; 
Softening; Sterilization; etc. 
Tree; willow and poplar, a 
taste and, 759 


coli 


Tric 
tion 

see C taste and odor 
Trout; coal tar compounds and, 1809 — 
copper sulfate and, 160 S: 
water characteristics and, 1811 ¥ 
Troy Coke Co.; phenol recovery and = 
cost, 1813 
Tulsa, Okla.; fish culture, 1319 
Tunis; Roman, water supply, 1455 
Tunnel; construction; 889 a 


accidents and, 447 


charcoal, adsorp- 


equipment; 154, 445 
air-compression, 446 
mucking and hauling, 447 
voek drill, 445 
ventilation, 446 
for water handling, 446 
in gravel, 447 
in soft ground, 154 
earthquake and, 160 
plant, 447 
timbering, fire and, 448 : 
water-proofing, integral, creosote 
and, 447 
new, 302, 1038 
sites, electrical ex loration, 157 
Turbidity; algae and, 1610 , 
see Filtration, rapid sand; Sus- 
pended matter - 
eo steam; blades, deposits, 143, 


Ty oid animals and, 1172 
California, 1309 
carriers, data, 1310 
epidemics; London, 
and (para), 463 
Montreal, milk and, 310 
in United States, 1920-9, 1172 
water-borne; carrier on water- 
shed and, Ecclefechan, 1303 


Eng., milk 


filters; shut down and, 
Butler, Pa., 1172 
slow sand, excessive 
scraping and, 1172 
flooding of works and, Al- 
bany, N. Y., 901, 1172 
main failure and, ’Philadel- 
phia, 1172 


springs and, 1172, 1807 


water supply discontinuance 
ver for non-payment and, 1807 
wells and, Lynchburg, Va., 
1172 
Illinois, 306, 307, 308 scx 
Kentucky, drought and, 296 
New Jersey, 305 
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drought and, 307 
statistics, 1828 
United States, 1920-9, 1172 
vaccination and, 308 
vessels, water and ice supplies, 
control and, 1179 
water supply and; 1183 
ground and, 301 
West Virginia, drought and, 298 
Wisconsin, 1311 
see Disease 


Ultramicroscope; water examination 
1470 
Ultra-violet ray, bactericidal action; 
mechanism of, 1448 
wave length and, 1296 
Unemployment; relief, public works 
and, 1820 
_ Union Electric Light and Power Co.; 
Osage River development, 147 
United States Bureau of Reclama- 
5 tion; Hoover Dam; construction 
equipment, 154 
unit prices, 144 
United States Naval Academy, 
Annapolis, Md.; water supply, 1823 
Uranium; see Radium 
Uroglena; copper sulfate and, 1183 
taste and odor and, 1183, 1302 
Utah; run-off, forecasting, 1043 
water resources and rights, 295 
Utility; see Books 
Utrecht, Holland; Eternit pipe, water 
quality and, 1824 


oes Valparaiso, Ind.; purification plant, 
“ea modernization, 1456 
Valve; evolution of, 1316 

operation; distant, 1031 
it 100 feet below ground surface 
and, 1039 

Venturi meter; 889 
--- Vessel, navigating; water and ice 
supplies, control, typhoid reduction 


and, 1179 
_ Vibrio cholerae; in water, storage 
and, 1312 
_ Virginia; drought of 1930 and, 298 
geology, 1830 
surface waters, chemical character 
of, 460 
ene Water and Sewage Works Associa- 
= tion, 4th conference, 1829 
water supplies; analyses, 1830 
4 tine and resources, bibliography, 1830 
Lae wells, drilled, 1830 
=a Voges-Proskauer test; see Bacteria, 
colon group 
_ Voids; in porous material, measuring, 
591 


Walton, Ky.; new water s 
tem, 1169 
see Boston 
arren io; taste, pre ia- 
tion and, 298 Ottis. 
Wash house; public, 457 
Washington, D. C.; Marine Barracks 
disease outbreak, ice and, 1180 
Washington Electric Co.; Rock 
Island Dam, cofferdam construc- 
tion, 451 
Washington State; water resources 
and rights, 294 
Washington Suburban Sanitary Dis- 
—" activated carbon treatment, 
Waste survey; consumption reduction 
and, 159 
importance, 1318 


hods 


see Leakage ATE 


Water; ionization constant, 591 
use, most important, Supreme Court 
and, 1176 
Water analysis; 1827 
boiler, methods, 758 
chemical, interpretation, 1042 
methods, standard, Germany and, 


mineral, results; calculation; 150, 
1300 
graphical, 755 
expression; 1042, 1808 
graphical, 1040, 1173, 1179 
reporting of, 1034 
samples, preservation, 455 
systematic, value of, 1468 
ultramicroscopic examination and, 


see Bacteriological examination; 
Books; Sampling; Water quality 
Water cost; 459 
Boston Metropolitan District, 1315 
Erie, Pa., 461, 462, 1467 
Havre, Mont., 450 
Lewiston, Idaho, 887 
Topeka, Kans., 1467 
babes gratuitous; Erie, Pa., 461, 462, 
146 


Peru, Ind., 1817 
Water, ground; channels, artificial, 

or kanats, 1613 

drought and, 297, 298 

flow problems, solving, 1040 

impounding, ‘“‘Grundschewelle”’ 
method, 1174 

locating, geophysical methods, 
1305 


mineral content and, 159 


q 
he 
i 
| 
303 
1470 
te. 1 
> 
; 
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pollution; disease outbreaks and, 


1313 
prevalence 301, 1314 wi 
recession an ja 


salt water pollution, 1823 
sulfates and, 1609 = 
temperature variations, signifi- 


cance, 89 
see infiltration gallery; Spring; 
Well 
Water measurement; devices, accu- 
racy, 145 


methods, 888 
see Flow; Flume; Meter; Orifice; 
Pitot Tube; Spillway; Venturi: 
Weir 
Water, mineral; Rhineland, Ger., 
and, 1468 
Water quality; animal parasites and, 
8 


bacteria; anaerobic lactose-fer- 
menting, 11 
count; limit and, ig’ ar 1827 
significance, 304, 7 
gas-forming, limit, Guba and, 895 
B. aerogenes, significance, 152, ’900, 
1174 
B. coli; -B. aerogenes ratio, sig- 
nificance, 1174 
lactose +, indol + index and, 
1314 
limit and, 890, 1826, 1827 
methyl red + organisms from 
soil, significance, 1315 
significance, 753, 900, 1299 
B. pyocyaneus and, 1823 
determination, Polytoma  uvella 


test, 751 
health and, 1826 ees 
ideal, 1043 


impurities and, 152 

mineral content; cancer and, 1041 
health and, 452 

requirements; 1468 
for various industries, 1469 

standards, 1043 

zine and, 1818 

see Pollution 

_ Water rights; appropriation of water 


and, 1817 
interstate streams and, 1175 as 
riparian, 1302, 1817 ad 


in western states, 294 ‘abt 


_ Water supply; additions, considera- 
tions, 1824 
“serial condenser” and, 1312 
cemeteries and, 901 sad 
control, state, 306, 307 had 
cost, 901 TAU 


drought and; 296, 297, 298, 307, 895 


transportation by rail and, 296, 
297 


dual, 896 
earthquake, damage and, 450 
education re, 1182 
failure, damage actions and, 1818 
geology and, 
requirements, "395 
selection, 1826 
sources; data, 1307, 1311, 1825 
pure vs. purification, 896 
see Purification; Treatment; Ty- 
phoid; Water works; Well; etc. 
Water unaccounted for; Staunton, cf 
Va., 1829 
Topeka, Kans., 1467 
Water weeds; control, 1305 
sodium chlorate and, 1042 
Water works; earthquake and, 1318 
and electric plant, combined, ’econ- 
omy and, 460 
employees; injury, compensation 
and, 1 
negligence, liability and, 1462 
pensions and, 895 4 
typhoid carriers, examination 
anid, 1609 
exhibits, 151, 601 ; 
fish culture and, 1319 
floods and major disasters and, i i 
health officer and, 159 _ 
injury; inflicted by employees, li- | 
ability and, 1302, 1462 ; 
to trespassers, liability and, 1303 
new, 1312 
obligation to supply water, 1302 
ownership; data, 459, 1311 
private vs. publie, 460 
relief projects, 1182 
state institutions and, operation 
1828 
see Distribution system; Reservoir; 
Services; Water supply; Well; etc. 
Watershed; erosion, overgrazing and, 
1614 
forestation, 293, 903, 1450 
protection, 896, 903, 1449, 1826 
purchase and, 903 ie 
typhoid carrier, epidemic and, 1304 
see Reservoir, impounding AS 
Waynesville; pollution case, 1461 


Webster, Mass. ; concrete reservoir, 
costs, 1173 
Weir; measuring, 888 ous 
arc-; 898 


electrode; covered, 595 oo 
flux-coated, 595 
nitrogen contamination and, 
1296 


ia- 
cS, 
ck 
C- 
BS 
S- 
t, 1 
n 
t 
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oxy-acetylene, 898 


practice, 1309 
see Boiler; Pipe, steel 
Well; 1310 


artesian, flow, reducing, 1461 
a blowin, , 152 
color an , 1169 
construction; 1822, 1823, 1827, 1829 
casing, stovepipe, 1615 
collecting main and, 756 
development in ‘sand, surge 
plunger and, 1043 
drilling; crooked bores, causes, 
surveying and straightening, 
1614 
mud scow method, 1615 
grouting, chemical, 756 
screens, open-bottom, setting 
and plugging, 1615 
corrosion and, 753 
drainage, 1614 
drawdown; determining, 309 
discharge and, relationship, 309 
drillers, licensing of, 1306 
dug, protection and, 1182 
flowing, 1041 
— wall, new, 764, 1039, 1613, 
805 


ground water level, measuring, 153 
ydraulics of, 1044" 
incrusted, acid treatment, 309 
influence, radius of, formula, 1622 
iron sulfide, deposition i in, bacteria 
and, 312 
new; 151, 156, 601, 767, 1039, 1463, 
1615 
financing of by contractor, 450 
pollution; 1318 
B. aerogenes, significance, 900 
B. coli, sanitary survey and, 900 
azards, 3 
leakage’ upper strata, ce- 
ment grouting and, 299 
pit containing fecal matter near- 
by and, 1459 
shallow wells, disease outbreaks 
and, 1314 
typhoid and, 1172 
wastes, industrial, and, 1181 
pumping; air lift, 1823 ane BA 


centrifugal; 1039 
submerged; 1453 

efficiency, 1454 | 

deep; 601 
cost, 1306 


ejector and, 299 

new type, 153 
_ drive electric, submersible motor 
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turbine and; 1463 

vertical, 1039 

Wal rock, contamination from cess- 
pools, 1802 

‘sampling apparatus for, 1608, 1812, 


screens, pulling of, 152 
seepage basins and, 753 
sterilization, hypochlorite and, 
1805 
supplies, control, 1614 
water level, measuring, 750 
yield; formula, 1622 
increasing, “shooting’’ and, 150, 
5 
testing, 153, 156, 309 
Wellsburg; filtration and softening, 
1828 


Wenatchee, Wash.; 
765, 887 
West Chesire Water Co.; new soften- 
ing plant, 750 
West Hartford; pollution case, 1461 
West Virginia; drought of 1930; ty- 
phoid and, 298 
water supplies and, 297 
pollution control, 159 
Water Purification Conference, 7th, 
1827 
Western Springs, IIll.; softening plant, 
452 
Wetumpka, Ala.; filter plant exten- 
sion, 1818 
Wheaton, Minn.; water supply, 
salinity, 451 
White River; flood, 1927, flow over 
railway embankment, calculating, 


new reservoir, 


Wichita Falls, Tex.; employee in- 
jured while using disinfectant, 
court decision, 1459 

Eng.; swimming pool, 

61 

Winchester, Va.; sewage treatment, 
1829 

Windsor, N. C.; 
enamel, 1820 

Winnetka, Ill.; mechanical agitation, 
1801 

Winslow; algae, copper sulfate-chlo- 
rine treatment and, 759 

Wisconsin; Bureau of Sanitary Engi- 
neering, annual eres 1930, 1311 
typhoid rate, 131 
water and sew avid systems, 1311 
well drillers, licensing of, 1306 

Wyoming; water resources and rights, 
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Yorkton, Sask.; new water supply, determination, colorimetric, oxine 
311 and, 145 
in water, health and, 1818 
Zeolite; cataphoretic migration ve- water sterilization and, 142, 1819 
locity, 762 Zinc hydroxide; water sterilization 
see Softening and, 893 


Zine; corrosion, in water, 753 iil Zirconium alloys; corrosion resist- 
detection, 1818 ance, 1045 
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